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Association between Area Socioeconomic Status and Hospital Admissions for 
Childhood and Adult Asthma  
 
Tomas Tamulis 
ABSTRACT 
 
Despite an improved understanding of the disease, the prevalence of asthma and 
asthma-related morbidity continue to rise, particularly among minority and inner-city 
populations. Despite the growing epidemic of asthma, the surveillance of disease at the 
state or even local levels is very limited. Such information is very important to identify 
high-risk population groups and to design more effective community-based preventive 
interventions or risk management programs that may modify these trends.  
The study provided important information about spatial differences by the 
geographical area of residence and changes in asthma hospital admissions over time in 
the selected area. Environmental exposure to ambient air pollution by ambient particles, 
sulfur dioxide and ozone was a significant factor to explain the increase in asthma 
hospitalizations in simple regression analysis, but was not significant after the adjustment 
to area socioeconomic status characteristics. Sulfur dioxide was the only significant 
independent variable in a multiple adjusted regression model of hospitalizations for 
childhood asthma, however, more detailed environmental exposure assessment by 
calendar quarter suggested that ambient air pollution by sulfur dioxide is not significant 
variable in the multiple regression model. Future asthma prevention interventions and 
risk management programs should address population groups described by such 
socioeconomic status characteristics as poverty, unskilled workers, single parent families 
with children, families having no vehicle available, people living in less crowded 
households or socially excluded conditions without adequate family members or relatives 
support, and also people residing in houses heated by fuel. Developed complex area 
socioeconomic deprivation index was shown to be a significant predictor of hospital 
xiv
admissions for childhood and adult asthma by zip code area of residence. Predictive log-
linear regression model for asthma hospitalizations was further validated by using 
standard statistical model validation techniques to estimate the accuracy of prediction 
with new independent dataset outside of our study area. Increase in complex area 
socioeconomic deprivation index by 1 extra unit could explain the increase by 7.9% in 
childhood and 7.5% in adult asthma hospitalization in 1997, 8.3% in childhood and 7.2% 
in adult asthma hospitalizations in 1998, and 7.7% in childhood and 6.7% in adult asthma 
hospitalizations in 1999 respectively. Predictive log-linear regression model could be 
successfully applied to develop more effective asthma prevention interventions and risk 
management programs and to address more sensitive population groups within specific 
high risk geographical areas. 
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Chapter 1 
 
ASSOCIATION BETWEEN ENVIRONMENTAL TRIGGERS AND 
HOSPITALIZATIONS FOR CHILDHOOD AND ADULT ASTHMA 
 
1.1. Literature Review 
 
1.1.1. Etiology, pathology and epidemiology of asthma 
 
Asthma is characterized by reversible airflow obstruction and airway hyper-
responsiveness with prominent clinical manifestations of wheezing, coughing, chest 
tightness and shortness of breath.1 Asthma is a multifactorial disease described by 
immunological, inflammatory and neurogenic mechanisms and associated with genetic, 
environmental, socioeconomic, and psychosocial factors.2  
The underlying pathophysiology of asthma is airway inflammation of the large 
airways of the tracheo-bronchial tree that may be initiated by environmental or 
occupational exposure to an allergen, respiratory tract infection, occupational aerosol, or 
such environmental stimulus as exercise, cigarette smoke, or cold air.3 Asthma has been 
divided into “extrinsic” type (due to a specific allergen), or “intrinsic” type (when the 
sensitizing agent is unknown). The underlying process driving and maintaining the 
asthmatic inflammatory process appears to be an abnormal or inadequately regulated 
CD+4 T-cell immune response. In asthma, the T-helper 2 (Th2) immune response is 
overactive, while cell-mediated Th1 activity is decreased. The Th2 subset produces 
cytokines including interleukin-4 (IL-4), IL-5, IL-6, IL-9, IL-10, and IL-13, which 
stimulate the growth, differentiation, and recruitment of mast cells, basophils, 
eosinophils, and B-cells, all of which are involved in inflammation, and allergic 
response.3 In the classical example of the allergic (atopic) asthma, the individual is 
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sensitized by a specific environmental allergen, such as a dust, pollen, or animal protein. 
A latent period with the excessive generation of IgE antibodies is followed by allergen 
binding to IgE-coated mast cells, which induces mast cell degranulation and release of a 
variety of active mediators, such as histamine, prostaglandins, and leukotrienes. During 
the periods between asthmatic attacks, these atopic individuals continue to have 
hyperreactive airways. The release of histamine and production of prostaglandins and 
leukotrienes induces both immediate and prolonged bronchoconstriction. Both the 
mucosal swelling and smooth muscle contraction cause constriction of the airway lumen, 
and subsequent mucus secretion within the airway lumen further obstructs airway flow.  
Effective asthma management requires a long-term and multifaceted approach, 
including patient education, frequent medical follow-up, behavioral changes, effective 
drug therapy, and avoidance of such environmental asthma triggers as irritants and 
inhaled allergens.4 Despite major advances in our knowledge and understanding of its 
pathogenesis and medical treatment, asthma remains a common chronic disease that 
causes substantial morbidity and mortality. Data collected by the Center for Disease 
Control and Prevention (CDC) revealed large and unexplained increases in asthma 
prevalence, hospitalization rates, and mortality over the last decades in the United States.2 
Asthma has been estimated to affect 17 million people or over 5% of the total population 
in the United States, with 10.4 million asthma-related office visits to medical care 
providers, 1.9 million emergency room visits, and 466,000 hospital admissions 
annually.5,6 9 million children under 18 years of age (or 13 % of total children 
population) had asthma and more than 4 million children (6 %) had an asthma attack 
during the last year in 2000.7 
The prevalence rate of asthma increased by 75 % and rose from 3.1% to 5.4% from 
1980 to 1994.2 The most substantial increases occurred among children aged 0-4 years 
(160 %, from 22.2 to 57.8 per 1,000, p<0.05) and 5-14 years of age (74 %, from 42.8 to 
74.4 per 1,000, p<0.05).2 In 1994, asthma affected an estimated 4.8 million children of an 
estimated 68 million children under 18 years of age.5 Among children and young adults, 
5-24 years old, the asthma death rate nearly doubled from 1980 to 1993. State-specific 
asthma prevalence data was estimated from the Behavioral Risk Factor Surveillance 
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System (BRFSS) survey conducted by the Center for Disease Control and Prevention 
(CDC), Atlanta, Georgia. The survey indicates that approximately 7.2 % of adults aged 
18 years or older reported having asthma in the United States in 2000.8 The National 
Center for Health Statistics (NCHS) annually conducts the National Health Interview 
Survey (NHIS), which registers self-reported asthma prevalence, asthma office visits, 
asthma emergency room visits, asthma hospitalization, and asthma deaths in subsets of 
the sample.2,9 Crude rates of lifetime and current asthma, acute asthma attacks 
prevalence, emergency department room visits as an indicator of health care utilization, 
asthma hospital admissions and asthma mortality by gender in the US in 2000 are 
presented in Table 1.7 
 
Table 1. Prevalence rates of lifetime and current asthma, severe asthma attacks, 
emergency room visits and hospital admissions for asthma, and asthma mortality in the 
US in year 2000  
Gender Lifetime 
Asthma 
per 10,000 
Current 
Asthma 
per 10,000 
Asthma Attack 
Prevalence per 
10,000 
Emergency 
Room Visits 
per 10,000  
Asthma 
Hospitalizations 
per 10,000 
Asthma 
Mortality 
per 100,000 
Male 1,080 640 360 60 15 1.2 
Female 1,190 830 500 74 19 2.0 
Average 1,135 735 430 67 17 1.6 
 
Questions on lifetime and current asthma prevalence in the BRFSS are comparable 
to the NHIS, however, prevalence estimates vary due to sampling design and chance.1 
The BRFSS estimated 25.2 million (11.8%) with lifetime asthma and 16 million adults 
(7.5%) with current asthma, as compared to 21.9 million (10.7%) and 14.0 million adults 
(6.8%) who were diagnosed with lifetime and current asthma, respectively, by the NHIS 
in 2002.1 The difference between these estimates was shown to be statistically valid 
based on confidence intervals for the prevalence rates. The measurement of asthma 
prevalence was recently changed because of redesign of the NHIS survey in 1997. As a 
result, most of the decrease in asthma prevalence could be explained by definitional 
changes in asthma surveillance. Because the newer estimates cannot be compared with 
pre-redesign estimates, it will be necessary to follow the trend for several more years to 
determine whether asthma prevalence will decline, plateau, or continue to increase as it 
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did through the 1980’s and 1990’s. However, the increasing trend in asthma prevalence 
and hospital admission rates during 1980-1994 was evident in every region of the United 
States.2 The National Hospital Discharge Survey disclosed significant geographical 
differences in the rate of hospitalizations for asthma in the United States.1 State-to-state 
differences also occur, with state-specific estimates for current asthma prevalence 
ranging from 4.8% in Oklahoma to 7.2% in Nevada.11 Asthma hospital admission rates 
by geographical region were 24.5 in the Northeast, 18.4 in the Midwest, 15.8 in the 
South, and 14.2 per 10,000 persons in the West.  
Asthma morbidity and mortality have increased disproportionately among inner-
city poor ethnic minority children and young adults in the United States.12 Urban areas 
have a higher burden of asthma compared with less populous areas, with asthma 
prevalence growing at a rapid rate.3 Inner-city children are a specific sensitive group of 
urban population and have the highest prevalence of asthma and the highest asthma-
associated hospitalization rates. Asthma is the leading chronic illness in children affecting 
almost five million children, and the fourth leading cause of disability in children.13 
Population-based surveys of childhood asthma in inner-city areas of New York City and 
Chicago estimated the prevalence of physician-diagnosed asthma at between 8.6% and 
14.3% respectively, which is two to three times higher than the country rate.3 Among 
some inner-city elementary school children populations, prevalence of asthma was 
reported at more than 20%.3,14 Asthma is the most common cause for hospital admissions 
in children, accounting for 159,000 annual hospitalizations with an average length of stay 
of 3.4 days in the US.2 The average rate of asthma hospitalizations among children 18 
years and younger in Boston was over twice the rate in Massachusetts in 2000.3 
Childhood asthma hospitalization rates increased threefold in the St. Louis metropolitan 
area from 1983 to 1995, much higher than the increase of hospitalizations across the 
entire state of Missouri.3 Previous studies have also indicated that asthma mortality is 
higher among poor ethnic minority inner-city children than other children.3,6 
Asthma significantly affects the quality of life of many people and is responsible for 
a large social and economical burden in the United States, causing 10 million lost school 
days and 3 million lost work days.13 Asthma epidemic also caused heavy increases in 
 5
health care expenditures. Direct and indirect financial impact of the disease was 
estimated to be $12.7 billion in 1998 and $14.0 billion in 2002, with asthma hospital 
admissions accounting for the majority of the cost.1, 10 Understanding the 
disproportionate increase of asthma in inner cities may provide insight into the roots of 
the asthma epidemics and effective disease management. A number of hypotheses and 
theories have been proposed to explain the increasing trend in the prevalence and severity 
of asthma.3,15 Specific factors suggested to explain differences in asthma prevalence in 
time and place include an increase in allergen exposure (particularly to house dust mites 
and cockroaches), tobacco smoking by women of child bearing age, dietary differences 
(particularly salt intake but possibly also changes in antioxidant constituents in diet), 
occupational agents encountered at work, such as isocyanates, flour dust, wood dust, 
laboratory animal urine, and solder flux, indoor and outdoor air pollution, and respiratory 
viral infection. Complex factors, which could account for the disproportionate increase in 
the prevalence and severity of asthma include changing patterns of medication, 
inadequate preventive health care for asthma management, limited disease knowledge 
and management skills, and psychosocial stress of living in poor inner-city 
neighborhoods.12, 16 Previous inner-city asthma epidemiological studies suggest that the 
contributions of ethnicity, poverty and residence area cannot be separated and should be 
viewed together when trying to understand risk factors for asthma. Eggleston et al. 
proposed the model of environmental exposure and societal susceptibility factors 
influencing airway inflammation and obstruction that subsequently leads to severe 
asthma attack.12 In this model, environmental exposure to such allergens as dust mites, 
cockroaches and home pets; such ambient air pollutants and indoor irritants as particulate 
matter (PM), sulfur dioxide (SO2), ozone (O3), environmental tobacco smoke (ETS); such 
susceptibility factors as psychosocial stress, limited knowledge about disease 
management, inappropriate medication use, restricted health care resources and poor 
access to quality health care services; and genetic background, race, gender and age as 
individual susceptibility factors are the main factors responsible for the increase in 
asthma morbidity and mortality in the inner city areas.12  
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1.1.2. Environmental triggers of asthma 
 
Several factors have an important influence on an individual’s susceptibility to 
environmental exposure to ambient air pollution. Genetic background, age, nutrition, and 
lifestyle factors are among these and are mutually inclusive and influenced by each other, 
and could describe each individual’s susceptibility.17 Wide genetic variability modulates 
predisposition to perturbation of environmental contaminants and allergens.18 Genetic 
polymorphism is closely associated with susceptibility to a wide variety of environmental 
contaminants, including indoor and outdoor pollutants and allergens.18, 19 The likelihood 
of an adverse response to an inhaled environmental pollutant depends on the degree of 
exposure, the site of deposition, the rate of removal or clearance, and the susceptibility of 
the exposed person.18,19 The intake of pollutants into the lungs and retention at potential 
sites of injury depend on the physical and chemical properties of the pollutant as well as 
the extent of activity of the subject exposed.18 Gases that are highly water soluble, such 
as sulfur dioxide and formaldehyde, are almost completely removed in the upper airways. 
Less-soluble gases, such as nitrogen dioxide and ozone, penetrate to the small airways 
and alveoli. Environmental exposures, pathways of absorption, tissue distribution, ability 
to bio-transform and eliminate environmental irritants and allergens are different in 
children as compare to adults,17 and aforementioned differences must be taken into 
account when considering the health impact of  environmental exposure.  
The association between air pollution and human health has been identified most 
clearly in episodic situations. Several major episodes established the fact that high 
concentrations of air pollution increased chronic respiratory disease morbidity and 
mortality.18 Recent epidemiological studies demonstrated that relatively low levels of air 
pollution exposure to respirable particles, black smoke, sulfur dioxide, and ozone (i.e. 
levels below current ambient air quality guidelines) may also be associated with daily 
hospital admissions for respiratory conditions including asthma.20,21,22,23 The Inner-City 
Asthma Study (ICAS) and the Inner-City Air Pollution study (ICAP), conducted by the 
National Institute of Environmental Health Sciences and the National Institute of Allergy 
and Infectious Diseases, concluded that by using only ambient air measurements, simple 
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models could predict indoor air particle concentrations.24 Previous longitudinal study of a 
children panel group concluded that personal particulate matter exposure was strongly 
correlated and could be predicted by ambient particle concentrations.25 
Both experimental and epidemiological studies have shown that commonly 
measured air pollutants have the potential to aggravate asthma by either direct irritation 
or by enhancing the effects of allergens to which the individual is sensitive.26,27 The main 
advantage of epidemiologic studies of air pollution is that they reflect the real 
environment, while the main disadvantages are existing difficulties and limitations in 
environmental exposure and health effect assessment. Conducting an air pollution 
epidemiological study does not require extrapolation from laboratory to real environment 
conditions, extrapolation from laboratory animals to humans as main subjects of study, 
extrapolation from selected volunteers in experimental study to the population at large, 
extrapolation from short-term exposure to long-term exposure, or extrapolation from high 
to low doses. However, experimental studies permit the control of other important 
factors, e.g. pollutant exposure, and allow physiological measurements that often cannot 
be employed in epidemiological studies. The understanding of associations in 
epidemiological studies benefits from laboratory work, while epidemiological findings 
generate hypotheses for experimental research. 
During the last few decades significant improvement in ambient air quality has been 
achieved nationwide. The improvement in air quality resulted mainly from reduction of 
pollution from industrial sites and coal-burning facilities.23, 28 On the other hand, air 
emissions from mobile sources, such as transportation, has been increasing in recent 
years.23,28 The most common ambient air pollutants in urban areas nationwide are 
respirable particulate matter (PM10), nitrogen dioxide (NO2), sulfur dioxide (SO2), and 
ozone (O3).18,27 
Respirable particulate matter with a diameter of less than 10 microns (PM10) was 
shown to be associated with increased requirements for asthma medication, exacerbations 
of asthma, and hospital admissions for severe asthma.27 The biological effect of particles 
is determined by their physical and chemical nature, as well as their distribution in the 
respiratory tract. However, the identification of specific factors that may mediate asthma 
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exacerbation is a very difficult task.27 Active agents in particulate matter include silica, 
such metal ions as iron, vanadium, nickel, and copper, organic residues, acid aerosols, 
and biological contaminants.27 Most inhaled particles with an aerodynamic diameter of 
more than 5 µm deposit in the upper airways or larger lower airways, while smaller 
particles are more likely to deposit in the periphery of the lungs. Deposition also depends 
on the pattern of breathing, and deep breathing increases the upper size cut-off for 
particles penetrating the lower airways from about 10 to 15 µm.29 Particles are cleared 
from the trachea, bronchi and bronchioles by traveling upwards on the mucociliary 
escalator and then expelled by coughing or swallowing. Particles deposited in the 
alveolar region are largely cleared by lung macrophages and dissolution. Experimental 
studies have shown that laboratory animals develope inflammation associated with 
particle deposition.29 Ultrafine particles (about 2 µm or less diameter) are able to 
penetrate the epithelium and vascular walls and are then transported by the blood to distal 
organs where proinflammatory events occur. In experimental and clinical studies, high 
concentrations of acid aerosol particles have been shown to have such deleterious effects 
on the lungs as bronchoconstriction, hyperresponsiveness, and impaired mucocilliliary 
clearance.29 Diesel exhaust particles (DEP) appear also to act as an adjuvant for the 
production of IgE.27,29  
Previous epidemiological studies shown that hospital admissions for asthma during 
both winter and summer were significantly associated with daily particle 
concentrations.27, 29 Daily frequencies of asthma medication (bronchodilator use), lung 
function impairment, respiratory symptoms and hospital/emergency room admissions 
were associated with short-term increases in respirable particle concentrations.29 A 
European expert panel meeting reviewed available literature and reported that an increase 
in the 24-hour mean of PM10 concentration by 10 µg/m3 would increase respiratory 
admissions by 0.5 %, use of bronchodilators in asthmatics by 2 %, and exacerbation of 
symptoms among asthmatics by 5 %.29  
Both increased emergency department room visits and increased hospital admission 
rates for asthma have been associated with ambient exposure to sulfur dioxide (SO2) in 
previous experimental and epidemiological studies.27 SO2 is a highly water-soluble gas 
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which can be almost completely absorbed during nasal breathing, forming sulfuric acids 
and bi-sulfates. These irritants are thought to act directly on smooth muscle or via 
sensory nerve fibers causing reflex bronchoconstrictions. The experimental work on the 
effect of sulfur dioxide has been reviewed several times in the last five years.29 In 
controlled exposure experimental studies, a high concentration of SO2 induced 
bronchoconstriction, hyperactivity and airway inflammation, while more relevant outdoor 
concentrations resulted only in mild respiratory effects. Repeated pre-exposure to high 
levels of SO2 followed by respiratory antigen challenge in guinea pigs resulted in 
increased sensitization rates. Controlled exposure studies in humans have shown that 
lower concentrations of SO2 increased airway resistance in asthmatic subjects.29 The 
response to SO2 varies greatly among individuals. A few studies on humans have shown 
an increase in inflammatory cells in bronchoalveolar lavage after exposure to high levels 
of SO2.29 Variations in peak flow measurements, wheezing and bronchodilator use in a 
panel group of children with chronic respiratory symptoms have been associated with the 
average 24-h mean value of 105 µg/m3 for SO2. A similar relationship was demonstrated 
in another study of changes in peak flow, asthma medication, symptoms and school 
absence in a panel group of asthmatic children where the 24-h mean SO2 concentration 
ranged from 3 to 383 µg/m3.29 A significant association was also found between peak 
flow, respiratory symptoms and medication in an adult group with asthma and increased 
24-h SO2 concentrations with a maximum concentration of 117 µg/m3.29 While morbidity 
in asthmatic children was significantly predicted by high concentrations of sulfur dioxide 
and sulfate, only weak and inconsistent effects on respiratory symptoms and peak flow 
measurements were seen in another panel group of adult asthmatics.29 
Nitrogen dioxide (NO2) is a poorly water-soluble gas and is therefore deposited far 
more peripherally in the lungs than the highly water-soluble SO2. NO2 can act as a potent 
oxidant, and may affect the structure of proteins and lipids.29 A number of reviews of 
such experimental studies have recently been published.29 Nitrogen dioxide at high doses 
has been shown to cause several biochemical alterations in animal studies. The host 
defense systems are affected, there is increased airway reactivity and decreased 
pulmonary function and some findings have also indicated an enhanced allergic 
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sensitization. In controlled exposure chamber studies, exposure to NO2 in the lower 
concentration range has been less consistent in affecting respiratory lung function, and its 
main effect has been to increase airway resistance. Asthmatic patients and patients with 
other chronic pulmonary diseases are more susceptible. Studies on humans have also 
demonstrated inflammatory effects and adverse effects on the immune system, e.g. 
impaired inactivation of influenza virus, as a result of exposure to NO2.29 The NO2 
concentrations used in these experimental studies have, with a few exceptions, been much 
higher than typical outdoor levels.29 In contrast to the effect of ‘traditional’ criteria 
ambient air pollutants such as sulfur dioxide and particulates, nitrogen dioxide has 
generally not been demonstrated to have acute effects on respiratory health in previous 
epidemiological studies.30 Due to insufficient and inconsistent epidemiological results it 
has not been possible to establish exposure-response relationships for ambient air 
pollution by NO2. NO2 may be more important as an ambient air pollutant playing a 
crucial role in production of ozone rather than considering its effect on the airways. 27 
Recent epidemiological studies have also provided some additional evidence that 
nitrogen dioxide may enhance the asthmatic response to inhaled allergens.29  
Ozone (O3) may damage lung tissue, reduce lung function, and also sensitize the 
lungs to other environmental irritants.29 O3 induces inflammatory effect in lower airways 
favoring the migration into nasal and bronchial mucosa of eosinophils, neutrophils, 
eosinophil peroxidase, myeloperoxidase, eosinophil cationic protein and other 
inflammatory mediators.29 It was clinically shown that the number of neutrophils and the 
level of some prostaglandins increased 3-h after termination of a 2-hour exposure to 0.4 
or 0.6 ppm O3.29 Studies on allergic asthmatics revealed an increased sensitivity to 
inhaled allergens in subjects pre-exposed as compare to non-exposed to ozone.27,29  
Previous epidemiological studies have shown that environmental exposure to 
elevated levels of ambient ozone has been associated with increased frequency of 
emergency department visits and hospital admissions for asthma and hospital admissions 
for other respiratory causes.31 Higher levels of O3 have been also found associated with 
school absenteeism among asthmatic children.31 Given previous experimental findings of 
the responses to controlled exposures to ozone, one would expect asthmatics to be 
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particularly sensitive to ozone.31 On one hand, most controlled-exposure studies have 
failed to document greater response by asthmatics.31 On the other hand, several 
epidemiological studies have demonstrated an increase in exacerbation of asthma in 
asthmatic panel studies, and in hospital admissions and emergency room visits for 
asthma.31 This discrepancy in identifying asthmatics as a sensitive population group 
could be the result of the exclusion of severe asthmatics from the controlled exposure 
studies, or a failure to simulate the complex mix of air pollutants to which such 
individuals may be exposed. However, it could also be argued that the effects in the 
epidemiologic studies are due to other environmental irritants or allergens rather than to 
ozone.31 
 Some air pollution related incidents with asthma aggravation do not depend only 
on the increased level of air pollution but rather on climatic factors that favor the 
accumulation of air pollutants at ground level.29 Previous studies have revealed that cold 
air may induce a bronchoconstriction process in asthmatics.32 Exacerbation of asthma 
symptoms also was linked with atmospheric relative humidity and barometric pressure.32  
Previous studies have demonstrated that urbanization and high levels of vehicle 
emissions along with changes in westernized lifestyle all are correlated with the 
increasing frequency of pollen-induced respiratory allergy. People who live in urban 
areas are more affected by pollen-induced allergy than those from rural areas. Pollen 
allergy has been one of the most frequent models used to study the interrelationship 
between air pollution and respiratory allergic diseases. There is also evidence that air 
pollutants may promote airway sensitization by modulating the allergenicity of airborne 
allergens.29 Furthermore, airway mucosal damage and impaired mucociliary clearance 
induced by air pollution may facilitate the access of inhaled allergens to the cells of the 
immune system. Several factors influence this interaction, including type of air 
pollutants, plant species, nutrient balance, climatic factors, airway sensitization level and 
hyperresponsiveness of exposed subjects. Experimental evidence suggests that the effects 
of aeroallergens may be increased by exposure to air pollution.29 Exposure to 
aeroallergens (pollen, ragweed, grass, and fungal spores) is related to weather conditions 
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and is a potential confounder in analyses of the effects of air pollution on daily hospital 
admissions for asthma.  
It is widely believed that current levels of ambient air pollution may provoke or 
exacerbate asthma. Analysis of emergency room attendance and hospital admissions for 
asthma offer a convenient method of testing the hypothesis that outdoor air pollution 
provokes asthma.29 Several recent studies suggested that even relatively low levels of air 
pollution – levels below recommended air pollution guidelines – are also significantly 
associated with daily hospital admissions for asthma.20-23 However some studies have 
observed only small changes in lung function, which were similar to those experienced 
by non-asthmatic subjects, while some other previous studies have shown no association 
between ambient air pollution and asthma. A number of studies have shown that gaseous 
and particulate air pollution has been associated with the acute exacerbation and possibly 
the onset of asthma.28  
In several recent studies, relatively low concentrations of ambient air pollution 
(levels below current ambient air pollution guidelines) were found to be associated with 
adverse health effects, including daily hospital admissions for respiratory and heart 
conditions.21 Diminished lung function is another possible adverse outcome of poorly 
managed asthma. Previous cohort studies also confirmed significant reduction of forced 
expiratory volume (FEV1) and forced vital capacity (FVC) in relation to increasing levels 
of ambient nitrogen dioxide (NO2), particular matter PM10 and PM2.5, ozone (O3), sulfur 
dioxide (SO2), and black smoke as an indicator of soot and diesel exhaust.28 With the 
exception of a few studies, most of these studies have been based on single locations 
selected without a defined standardized methodology.33,34 Very often there are different 
data analysis strategies, which make subsequent interpretation and generalization of final 
study results very limited. Due to significant inter-correlation among various ambient air 
pollutants, these studies very often were not able to discern individual effects of specific 
pollutant versus general mixed effects of ambient air pollution. Inconsistencies among 
separate air pollution studies could also be explained by differences in exposure levels 
and differences in susceptibility to adverse health effects among population subgroups 
examined by age, gender, race, and socioeconomic status. Because the generality of 
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findings is uncertain and analysis strategies are very often different among separate 
studies, critics have questioned whether the study results indicate an effect of particles 
specifically or air pollution generally.33,34 Advanced analytical methods were developed 
recently to address limitations of single-city time-series analysis by combining evidence 
across multiple geographical locations.35, 36 John Samet with his colleagues from John 
Hopkins University developed and proposed two-stage Bayesian semi-parametric 
hierarchical models to estimate health effect over time within selected cities and to 
compare temporal patterns across cities and geographical regions.34, 35, 36 Semi-parametric 
hierarchical approach was updated to address the existing limitations in air pollution 
studies and was incorporated into the National Morbidity, Mortality, and Air Pollution 
Study (NMMAPS) for the period 1987-2000.36 Information on mortality, morbidity, 
meteorological conditions, socioeconomic characteristics, and air pollution representing 
numerous metropolitan areas was assembled and analyzed by using aforementioned log-
linear regression models. 
A two-stage analytical approach by using hierarchical bivariate time-series models 
described a statistically significant association between daily particulate and both daily 
cardio-respiratory and cardiovascular hospitalizations and mortality.33-36 In the first stage, 
city-specific analyses were conducted and relative mortality rates associated with 
particulate matter pollution for a selected city were estimated by using semi-parametric 
log-linear models. In the second stage, multi-city analyses were conducted to analyze 
geographical patterns in the pollution-relative rates to produce overall estimates of the 
pollution effects by using Bayesian hierarchical models. First, a separate log-linear 
regression model of air pollution and other confounders as regards daily total and cardio-
respiratory mortality were developed to estimate relative rate values along with statistical 
significance for selected urban areas, and, in the next step, obtained relative rate estimates 
were combined across urban areas to adjust for the different levels of uncertainty and to 
obtain an overall estimate. The aforementioned research group found particulate matter 
less than 10 microns in aerodynamic diameter to be consistently associated with both 
total and cardio-respiratory mortality after adjusting to potential confounding by other 
pollutants. Combined analysis of the effect of particulate matter on mortality and 
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morbidity in 10 metropolitan areas during the period 1986-1993 concluded that increase 
in particulate exposure by 10 µg/m3 was associated with 0.26% increase in mortality and 
0.71% increase in hospital admissions for cardiovascular disease.34 The 20 U.S. cities 
study for the period 1987-94 revealed that total and cardio-respiratory mortality increased 
by approximately 0.5% and 0.68% per 10 µg/m3 increase in PM10 respectively.35 National 
Morbidity and Mortality Air Pollution Study database covered 100 U.S. cities for the 
period 1987-2000.36 The national average estimate of the effect of particulate matter on 
mortality was shown to be largest at 1-day lag and was equal to an increase in mortality 
by 0.19% per 10 µg/m3 increase in PM10. The estimate for summer (0.36) was shown to 
be more than twice as large as for winter, spring and fall (0.15, 0.14, and 0.14 
respectively). However, the aforementioned studies could not avoid exposure 
measurement bias because of the limited number of ambient particle exposure monitoring 
stations in selected relatively large urban areas represented by counties. The interaction 
and interrelationship with other ambient air pollutants was not evaluated. Evaluation of 
socioeconomic confounding did not include individual data and did not represent existing 
differences and variations in socioeconomic status by geographical area within selected 
counties. Differences in particle emission sources and chemical particle composition 
were not evaluated in the overall final hierarchical model. Finally, correlation in the 
overall hierarchical model (but not within single city) makes interpretation and further 
generalization of results very questionable.  
Taking overall evidence, currently existing studies lack consistency as to the 
presence of different exposures and effects, the type of pollutant or where effects have 
been observed. In addition, a few studies have adequately addressed the issue of 
confounding or effect modification by other environmental and socioeconomic factors or 
examined the association in particular sensitive population groups.29 There are also very 
common problems encountered trying to discern the complex effect of a mixture of 
ambient air pollutants and a single pollutant effect, and to account for multicolinearity 
because of high intercorrelation among various ambient air pollutants. Despite the 
evidence of a correlation between the increasing frequency of respiratory allergy and an 
increase in ambient air pollution, the causal link and possible interaction are still very 
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speculative. Interpretation of studies is usually confounded by the effect of active and 
passive cigarette smoke and exposure to indoor and outdoor allergens.3,29 Therefore the 
estimated crude association between environmental exposure to ambient air pollution and 
asthma could be misleading and seriously biased by different confounding factors and 
possible interaction effect.  
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Hypothesis 
 
Ambient air pollution and other probable environmental triggers of asthma are 
associated with severe exacerbations and hospitalizations for childhood and adult asthma.   
 
The aim of the study was (1) to describe the geographical distribution and changes 
over time in childhood and adult asthma hospital admissions, and (2) to evaluate the 
association between various local environmental asthma triggers and hospital admissions 
for childhood and adult asthma in a given area. 
 
Study objectives 
 
1. Describe the geographical distribution and changes over the study time in 
hospital admissions for childhood and adult asthma in Hillsborough County, FL; 
2. Evaluate the association between local environmental triggers of asthma and 
hospital admissions for childhood and adult asthma in the selected study area over the 
period of 1997-1999. 
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1.2. Methodology 
 
1.2.1. Study Population 
 
Severity of asthma may be measured (1) by the proportion of individuals with 
active asthma symptoms at a given time; (2) by the number of exacerbations of 
respiratory symptoms resulting in emergency rooms visits; or (3) by the number of 
hospital admissions for asthma during a given period of time. Severity of asthma can be 
also studied as increase in the duration of symptoms, in the progression and loss of lung 
function, and in the frequency of use of medication or health care services. Registers 
containing data on asthma mortality, hospital visits, sick-leaves, and physicians’ 
diagnoses have often been used in studies of adverse effects of air pollution.18 Such 
studies may be relatively inexpensive and valid if other possible risk factors and 
determinants can be taken into account. Severe exacerbation of asthma symptoms, which 
resulted in the hospital admission for asthma as principal diagnosis, was the main health 
outcome of interest in our study.  
Asthma diagnosis and disease coding were based upon the International 
Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM).55 The 
principal codes of ICD-9-CM for asthma were 493.0-493.9. The State of Florida Hospital 
Inpatient Discharge Data was obtained from the Agency for Health Care Administration 
(AHCA). Since the fourth quarter of 1987, all hospitals have been required to submit 
detailed patient discharge data in the State of Florida. Asthma hospital admission event 
was defined based on primary diagnosis of asthma in patient’s hospital discharge record. 
Only hospital admissions for asthma as a principal diagnosis of hospital discharge (493.0-
493.9 ICD-9-CM) were used in the study. The main study area covered Hillsborough 
County in Florida. St. Joseph, Tampa General, Brandon Medical Center, University 
Community, South Florida Baptist, Community-Carrolwood, Memorial, and Town and 
Country were the main leading hospitals, which admitted 94% of total study subjects 
living in Hillsborough County, FL, in 1999. St. Joseph’s (Tampa) and Tampa General 
have the highest health care resources utilization for asthma hospital admissions, and 
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majority of patients admitted to the hospital (90.5% and 80% of total patients) were 
permanent residents of Hillsborough County, FL. The major sources of hospital 
admissions for asthma were emergency department rooms and physicians. Other 
reference sources of hospital admission included clinics, other hospitals, health 
maintenance organizations (HMO), and federal or state court/law institutions.  
Personal information on age, gender, race, time of hospital admission, source of 
hospital admission, admitting hospital, and postal zip code area of residence was 
available. Because of existing etiological and pathological differences, asthma hospital 
admissions in children younger than 15 years of age and adults of 15 years of age and 
older population groups were analyzed separately. There were a total of 1712 hospital 
admissions for asthma as a principal diagnosis reported in Hillsborough County, FL, in 
1999. 781 children younger than 15 years and 931 adults of 15 years of age and older 
were admitted to the hospital with severe asthma in 1999. There were 729 hospital 
admissions for males and 983 hospital admissions for females. There were a total number 
of 1677 and 1406 hospital admissions, including 774 and 549 childhood asthma hospital 
admissions, in 1997 and 1998 respectively. The race was defined as white (Caucasian), 
black (African American), Hispanic and others. The others group included Native 
American, Asian, multiracial persons and people with unknown race. In 1999, whites had 
the highest (828) and others had the lowest number of hospitalizations (75), while Blacks 
and Hispanics shared 447 and 362 hospital admissions of asthma as a primary diagnosis 
by race respectively.  
The standard direct adjustment technique was used to calculate adjusted 
(standardized) hospitalization rates by personal demographic characteristics. 
Denominators for computing crude and standardized rates represented population of 
specific zip code areas of residence and were obtained from the U.S. Census 2000.56 The 
standard US 2000 population was used as a reference population to obtain the standard 
weights within different categories (strata) of aforementioned demographic 
characteristics. The reference study population included all persons who were 
permanently residing in Hillsborough County, FL, in 1999 (n=1,009,855). There were 
794,358 adults and n=215,497 children living in Hillsborough county, FL, in 1999. Age-, 
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gender-, and race-adjusted asthma hospital admission rates were standardized to the US 
2000 standard population obtained from the US Census 2000. To calculate age-adjusted 
rates, the study population and all persons admitted for asthma were divided into 10 
separate categories (strata): less than 5 years (0-4 or ≤4 group); equal or more than 5 and 
less than 15 years (5-14 group); equal or more than 15 and less than 25 years (15-24 
group); equal or more than 25 and less than 35 years (25-34 group); equal or more than 
35 and less than 45 years (35-44 group); equal or more than 45 and less than 55 years 
(45-54 group), equal or more than 55 and less than 65 years (55-64 group); equal or more 
than 65 and less than 75 years (65-74 group); equal or more than 75 but less than 85 years 
(75-84 group); and equal or more than 85 years (≥ 85 group). Race was divided into 
white (Caucasian), black (African American), Hispanic, and Others population groups, 
respectively. There was a much higher proportion of white residents (n=644,503) 
compared with other racial groups living in Hillsborough County, FL, in 1999. 178,495 
Hispanic, 149,105 black, and 37,752 Others represented other major groups of permanent 
resident population in our study area. There were slightly more females (n=515,317) than 
males (n=494,538) living in Hillsborough County, FL, in 1999.  
The total children younger than 15 years and adults of 15 years of age and older 
population groups by zip code area of residence were used to calculate crude rates, and 
the standard US 2000 population was used to calculated age, gender, and race-adjusted 
asthma hospital admission rates. Standardized rates reflected selected reference 
population and were used to evaluate possible confounding effect by specific age, gender 
or race differences within the study area and general population characteristics in the US.  
 
1.2.2. Study Design 
 
Environmental asthma epidemiological studies have been categorized based on 
different dimensions, such as the unit of data analysis, the directionality of time in the 
selected study design and types of available data sources. The special characteristics of 
air pollution exposure and availability of measurement data have led to the development 
of special study designs with most often employed aggregated data.18, 38 In air pollution 
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epidemiology, most studies are partly ecological, as air pollution exposure is very seldom 
measured at the individual level. Studies can also be either longitudinal or cross-sectional 
and they are either based on population sampling or some type of incomplete sampling 
(case-control studies).  
The main objectives in environmental asthma studies could be defined as to:29 
(1) Evaluate differences between population subgroups on exposure to ambient 
air pollution over time and space and on the health effect of interest related to those 
exposures; 
(2) Ascertain whether there is an association between exposure to a specific air 
pollutant or to a mixture of pollutants and to the specific health outcome of interest, and, 
whenever possible, to describe exposure-response relationship quantitatively. 
Exposure to air pollutants can be monitored at different levels. The different 
measures or indicators can be listed in order of increasing accuracy as follows:38 
• Qualitative (categorical) assessment of exposure that distinguishes between 
relatively high and low exposure; 
• Fixed geographical location concentration measurements and continuous 
monitoring; 
• Multi-microenvironment quality assessment and concentration measurements 
including time activity pattern information; 
• Personal exposure monitoring; and 
• Biological monitoring using biological exposure indicators. 
Ideal studies of air pollution exposure should include biological dose markers or 
personal exposure measurements. Time-activity patterns can dramatically affect personal 
exposure and individual variation can be more accurately assessed by biological dose 
markers and personal samplers. Since such measurements are very expensive in a full-
scale epidemiological study, fixed site measurements, modeled concentrations, or even 
qualitative categorical classifications are more frequently used as exposure information in 
environmental epidemiology. The utilization of data from ambient air quality monitoring 
network sites provides the uniform methodology used for site selection procedures, 
measurements techniques and quality control. Environmental exposure was measured at 
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fixed geographical location continuous monitoring stations. Comparable standard 
measurements become widely available from many different areas, towns and cities, 
which makes it possible to develop predictions for other populations based on available 
environmental exposure data.  
A population-based longitudinal ecological study was conducted to evaluate the 
association between local environmental triggers of asthma and hospital admissions for 
childhood and adult asthma. The study area covered Hillsborough County in Florida. 
Hillsborough County is located in the west coast of Florida and has 1,048 square miles of 
land and 24 square miles of inland water area for a total of 1,072 square miles. 
Incorporated major cities are Tampa, Temple Terrace, and Plant City. The total 
population within the selected study area was 1,009,855 residents. Study data was 
collected and analyzed during the selected period of study 1997-1999. The postal zip 
code areas of residence were used to calculate adjusted (standardized) asthma hospital 
admission rates by age, gender and race and to evaluate spatial distribution of asthma 
hospitalization rates within the county. The zip code areas were coded by five-digit 
number according to standard definitions and codes developed by the U.S. Bureau of the 
Census. Each single hospital admission record was linked to the patient’s postal zip code 
area of residence. There were a total number of 44 zip code areas used where the number 
of annual hospital admission varied from 2 hospitalizations in the postal zip code area 
33572 to 118 hospital admissions for asthma in the postal zip code area 33610 in 
Hillsborough County, FL, accordingly.  
The ambient air pollution data were obtained from the Aerometric Information 
System (AIRS) database maintained by the US Environmental Protection Agency (US 
EPA). The environmental exposure to such criteria ambient air pollutants as respirable 
particulate matters (PM10), sulfur dioxide (SO2), and ozone (03) in Hillsborough County, 
FL, in 1999, was evaluated from the data set of the AirData air quality monitoring 
program coordinated by the Division of Air Resources Management of the Florida 
Department of Environmental Protection as part of the US EPA AIRS database 
(www.dep.state.fl.us/Air/publications/techrpt/amr.htm).58 The data on ambient 
temperature was retrieved from the daily database of the Tampa International Airport. 
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The changes in average weekly total tree, weeds and grass pollen counts over the total 
area of study were also explored during the period of study 1997-1999. Monitoring of 
outdoor pollen counts during the study period was conducted by the Division of Allergy 
and Immunology, University of South Florida College of Medicine, Tampa, FL. The 
monitoring site conducting continuous pollen count measurements in the study was 
located at the James A. Haley VA Hospital, Tampa, FL.  
The ambient air quality monitoring program measures pollutant concentrations in 
the ambient air - defined as the portion of the atmosphere near ground level and external 
to buildings or other structures. Ambient air quality standards have been established by 
the U.S. Environmental Protection Agency (EPA) and the Florida Department of 
Environmental Protection (DEP) for six criteria pollutants: particulate matters (10 
microns or less in diameter, PM10, and 2.5 microns or less in diameter, PM2.5), sulfur 
dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO), and lead (Pb). Since 
health-based criteria have been used to establish the standards, these six pollutants are 
referred to as criteria ambient air pollutants. Two types of national ambient air quality 
standards (NAAQS) have been established by the EPA for the six criteria air pollutants. 
Primary ambient air quality standards are designed to protect public health with an 
adequate margin of safety. Secondary ambient air quality standards are designed to 
protect public welfare-related values, including property, construction materials, plant 
and animal life. In Florida, state ambient air quality standards have been adopted at least 
as stringent as the national secondary standards. Federal and Florida ambient air quality 
standards for criteria air pollutants are presented in Table 2. 
Ambient air quality monitoring network consisted of 193 monitoring stations in 34 
counties throughout the state of Florida. Two types of monitoring networks are used to 
collect the ambient air data. State/Local Air Monitoring Station (SLAMS) and National 
Air Monitoring Station (NAMS) network are designed to meet a minimum of four basic 
objectives:58 
(1) To determine the highest concentrations expected to occur in the area covered 
by the network; 
(2) To determine representative concentrations in areas of high population density; 
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(3) To determine the impact on ambient pollution levels of significant sources or 
source categories; 
(4) To determine general background concentration levels. 
 
Table 2. State of Florida and federal national ambient air quality standards (NAAQS)58 
Air Pollutant Averaging 
Time 
Primary NAAQS Secondary 
NAAQS 
Florida Standard 
Carbon Monoxide 8-hour 
1-hour 
  9 ppm 
35 ppm 
- 
- 
 9 ppm 
35 ppm 
Lead Quarterly 1.5 µg/m3 1.5 µg/m3 1.5 µg/m3 
Nitrogen Dioxide Annual 100 µg/m3 (53 ppb) 100 µg/m3 
 (53 ppb) 
100 µg/m3 (53 ppb) 
Ozone  8-hour * 
1-hour ** 
  0.08 ppm 
0.12 ppm 
0.08 ppm 
0.12 ppm 
0.08 ppm 
0.12 ppm 
Particulate Matter 
(PM10) 
Annual 
24-hour 
 50 µg/m3 
150 µg/m3 
- 
- 
 50 µg/m3 
150 µg/m3 
Particulate Matter 
(PM2.5) 
Annual 
24-hour 
15.0 µg/m3 
65 µg/m3 
- 
- 
15.0 µg/m3 
65 µg/m3 
 
Sulfur Dioxide  
Annual 
24-hour 
3-hour 
 80  µg/m3 (30 ppb) 
365 µg/m3 (145 ppb) 
 
- 
- 
1300 µg/m3 (500 ppb) 
 60  µg/m3 (20 ppb) 
260 µg/m3 (100 ppb) 
* - not to be exceeded by the three-year average of the 4th highest daily maximum; ** - not to be exceeded 
on more than an average of one day per year over a three-year period.  
  
An essential component of air quality management in the state is the identification 
of (1) areas where the ambient air quality standards are being violated and plans are 
needed to reduce pollutant concentration levels to be in attainment with the standards, 
and (2) areas where the ambient standards are being met but plans are needed to ensure 
maintenance of acceptable levels of air quality in the face of anticipated population or 
industrial growth.58 The end-result of this attainment/maintenance analysis is the 
development of local and statewide strategies for controlling emissions of criteria air 
pollutants from stationary and mobile sources. The first step in this process is the annual 
compilation of the ambient air monitoring results. The second step is the analysis of the 
monitoring data for general air quality and pollutant trends. Data from the SLAM/NAMS 
network provide an overall view of the state’s air quality and are used in the development 
of statewide control strategies. The Spatial Purpose Monitoring (SPM) network, which is 
distinct from the SLAMS/NAMS network, meets the local and sometimes temporary 
monitoring objectives, and supplements the SLAM/NAMS network in data-sparse areas. 
Particulate matters with a diameter of 10 microns and less (PM10), particulate matters 
 24
with a diameter of 2.5 microns and less (PM2.5), sulfur dioxide (SO2), nitrogen dioxide 
(NO2), ozone (O3), carbon monoxide (CO), and lead (Pb) are main criteria pollutants 
measured on continuous basis by SLAM/NAMS and SPM monitoring networks in 
Hillsborough County, FL. Particulate matters (PM10), sulfur dioxide (SO2), and ozone 
(O3) were used to define and evaluate environmental exposure to ambient air pollution in 
the study area. Because of limited number of air pollution monitoring stations for NO2 
and PM2.5 concentration measurements over the study area, environmental exposure to 
ambient nitrogen dioxide and fine particles were not included in the study. There were 
only 2 continuous ambient air pollution stations for nitrogen dioxide monitoring in 
Hillsborough County, FL, in 1999. Only 2 ambient air quality monitoring stations for 
PM2.5 concentration measurements were located in Hillsborough County, FL. Due to 
limited number of monitoring sites and pollution concentration measurements for 
nitrogen dioxide and particulate matters with a diameter of 2.5 microns and less (PM2.5) 
over the study area, the spatial interpolation results and predicted values of environmental 
exposure to these pollutants by zip code area of residence could be biased and inaccurate. 
Environmental exposure to PM2.5 as a fraction of total respirable particles could be 
indicated by estimated PM10 concentrations in the geographical area of residence over 
the study area.  
Various standard reference concentration measurement instruments and methods 
developed by the US EPA were used for the determination of particulate matter 
concentration. The high volume air sampler (hi-vol) is one of the reference methods for 
determining PM10 concentration. The hi-vol consists of an electric motor, blower, filter 
holder, enclosure and a size selective inlet which allows only particles of 10 microns or 
less to flow through and impact on the filter. Ambient air is pulled through a pre-
weighted quartz filter at a rate of about 1.5 cubic meters per minute for a 24-hour period. 
The mass of particles captured is the difference in weight of the filter before and after 
sampling. Dividing the particles weight by the volume of air that passes through the 
device gives the average particulate concentration for the sampling period. The TEOM 
(tapered element oscillating microbalance) is another continuous instrument used for real 
time PM10 concentration measurements in the continuous air pollution monitoring 
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network in the State of Florida. The TEOM has a size selective inlet of 10 microns and 
uses a 3 liter per minute flow. The air passes through a heated column to remove 
moisture, when impacts a dime-sized filter which fits onto a glass yoke. The yoke 
vibrates at a frequency, which decreases as the mass of the particles on the filter 
increases. This mass is reported hourly. The other instrument being used to monitor 
continuous PM10 concentration levels is the Beta gauge. The Beta gauge is equipped with 
a size selective inlet of 10 microns and employs a reeled tape on which the particulate is 
collected. A radiation source sits below the tape and as particles accumulate the amount 
of radiation able to pass through the tape to the detector attenuates. The level of 
attenuation relates to the amount of particles measured.  
The National Ambient Air Quality Standard (NAAQS) for PM10 is 50 µg/m3 annual 
arithmetic mean, and 150 µg/m3 24-hour average, not to be exceeded more than once per 
year. The values for PM10 generally are 40-60 percent of the total suspended particulate 
(TSP) concentrations for the same air mass in the state of Florida.58 The ambient air 
quality monitoring network for PM10 consisted of 61 monitoring stations in 27 counties in 
the state of Florida. There were 9 monitoring stations located in Hillsborough County, 
FL. The average seasonal environmental quality changes by calendar quarter were 
evaluated over the study area based on available daily concentration measurements at 
stationary ambient particles monitoring stations. Additional particles concentration 
measurements representing 1997 and 1998 years were used to evaluate and determine the 
effect of environmental quality changes by ambient particles on the number of hospital 
admissions over longer period of time during the period of 1997-1999.  
Ozone was sampled by measuring adsorption of ultraviolet light by ozone. By this 
method, an ultraviolet photometer measures the transmittance of light through a sample 
of ambient air. The amount of ultraviolet light transmitted is inversely proportional to the 
concentration of ozone in the air. A new National Ambient Air Quality Standard 
(NAAQS) for ozone based on 8-hour average was promulgated and became effective in 
1997. Under the new rule, attainment is reached by having a 3-year average of the annual 
fourth-highest daily maximum 8-hour average not exceeding 0.08 ppm. This adjustment 
to the 8-hour standard represents the transition from an exceedance based standard to a 
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concentration based one. The new standard is designed to provide increased protection to 
the public, particularly those predisposed and more sensitive to respiratory problems.58 
The 1-hour 0.12 ppm standard was used instead of 8-hour average standard to calculate 
average monthly and quarterly concentrations for environmental exposure to ambient 
ozone. The 8-hour standard was promulgated in the end of 1997, and the previous 1-hour 
standard was dropped in the end of 1998. We used the 1-hour standard to evaluate the 
attainment of standard over the total period of study from 1997 to 1999. Under the new 
rule, attainment to the 8-hour standard is satisfied by having 3-year average of the annual 
four highest daily maximum average of less than 0.08 ppm.  
The ambient air quality monitoring network for ozone consisted of 45 monitoring 
stations strategically located in major urban areas and certain rural areas chosen for 
background comparisons in the State of Florida. Over the 3-year period from 1997-1999 
for Hillsborough and Escambia Counties, FL, showed concentrations above the standard 
of the average of the annual fourth highest daily 8-hour maximum of 0.08 ppm. Four 
ozone monitoring stations were located in Hillsborough County, FL. The average 
monthly environmental quality changes were evaluated for each county area based on 
available daily concentration measurements. The average seasonal environmental quality 
changes by calendar quarter were evaluated based on available daily concentration 
measurements at stationary ozone monitoring stations. Additional ozone concentration 
measurements in 1997 and 1998 were used to evaluate and determine the effect of 
environmental quality changes by ozone on the number of hospital admissions over the 
period of 1997-1999.  
During sulfur dioxide (SO2) continuous monitoring, the sample air passes through a 
pulsed ultraviolet light chamber, where SO2 molecules receive energy and become 
“excited” by increased frequency of vibration. The energy release provides a measure of 
the sulfur dioxide concentration in the ambient air. Compliance with the SO2 standards in 
Florida is defined as the 3-hour averages less than 45 percent of the 1300 µg/m3 standard 
and the 24-hour averages less than 50 percent of the 260 µg/m3 standard.58 
Sulfur dioxide monitoring network consisted of 30 ambient air quality monitoring 
stations in 14 counties in the State of Florida. There were 7 monitoring stations located in 
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Hillsborough County, FL. The average seasonal environmental quality changes by 
calendar quarter were evaluated based on available daily sulfur dioxide concentration 
measurements at stationary continuous monitoring stations. Additional SO2 concentration 
measurements in 1997 and 1998 were used to evaluate and determine the effect of 
environmental quality changes by sulfur dioxide on the number of hospital admissions 
over the period of 1997-1999.  
 
1.2.3. Data analysis 
 
SAS System V8.2 version60 and the CDC EPI-INFO 3.2 version61 statistical data 
analysis software programs were applied and simple descriptive, correlation, and non-
linear regression analysis techniques were used for statistical data analysis. Crude 
association analysis results were also explored in the multiple regression analysis. 
Stepwise backward selection model building procedures were used to estimate possible 
interaction among various environmental asthma triggers and individual effects of 
independent variables after controlling for (adjusting to) other environmental asthma 
triggers in the log-linear regression model. Separate regression models were designed for 
asthmatic children and adults.  
Possible confounding and interaction effects in the multiple regression equation 
were evaluated by using standard epidemiology methods.38,63,64,65 Socioeconomic 
confounding by individual demographic characteristics was evaluated by comparing 
crude asthma hospitalization rates with age-, gender-, and race-adjusted hospital 
admission rates. Several different standard epidemiological approaches are used to assess 
the presence of possible confounding and effect modification by interaction, which are 
related primarily to the questions as whether:63,64,65  
(1) Confounding variable is related to both the exposure and the outcome in the 
study; 
(2) Exposure-outcome association seen in the crude analysis have the same 
direction as and similar magnitude to the associations seen within specified strata of the 
confounding variable; and  
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(3) Exposure-outcome association seen in the crude analysis have the same as and 
similar magnitude to the association after controlling (adjusting) for the confounding 
variable in multiple regression analysis. 
Multivariate regression analysis (modeling) analytical techniques were used to 
control for and evaluate possible confounding effect by socioeconomic status, to assess 
possible effect modification and interaction, and to summarize the association between 
asthma hospitalizations and adjusted independent predictor variable in the multiple 
regression model. The term effect modification means that the effect of the exposure on 
the outcome differs depending on whether another variable (effect modifier) is 
present.64,65 
Poisson non-linear regression stepwise model building techniques were used to 
develop the best-fit log-linear regression models and to predict asthma hospital 
admissions rates for childhood and adult asthma by retained significant explanatory 
variables. Poisson regression model is used mostly in analysis of counts or rates as the 
main outcomes of interest, and is particular suitable for studying rare health outcome of 
interest developed in relatively large populations.66 The simple log-linear regression 
model with one predictor variable Xi and counts of hospital admissions by zip code area 
of residence as our independent variable Yi could be explained as function: 
 
log (E(Yi))=log ti +β*Xi,  
 
where E-expectation or probability of event Yi to happen, β is a regression 
coefficient; logti is so called offset variable used to account for reference population and 
to use rates instead of counts for asthma hospital admissions. 
Final regression model deviance estimates were used as a goodness of fit criterion 
to evaluate the validity and adequacy of the model. The deviance of a fitted model 
compares the log-likelihood of the best-fit model to the log-likelihood of a model with n 
parameters that fits n observations perfectly. Such a perfectly fitting model is called a 
saturated model. The log-likelihood value for the fitted model cannot be larger than the 
log-likelihood value for the saturated model because the fitted model has fewer 
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parameters. The smaller the difference in the two log-likelihood values – the smaller is 
the deviance and the closer is the fitted model to the saturated model. The larger the 
model deviance, the poorer is the fit. Therefore, large values of the model deviance will 
indicate that the fitted non-linear regression model is not correct. In addition, the Chi-
square value and its fraction with corresponding degrees of freedom (df) were also used 
to evaluate the adequacy of the model fit. If the best-fit regression model is correct then 
both model deviance and Pearson chi-square statistics quantities are asymptotically 
distributed as with n-p degrees of freedom (df), where n is the number of all study units 
(geographical areas of residence) and p is the number of fitted parameters. Therefore, the 
regression model is adequate if the expected value of the model deviance and Pearson 
Chi-square estimates are equal or close to the value of degrees of freedom (df) in the 
particular model. If both the scaled model deviance Deviance/df >>1 and/or the scaled 
Pearson Chi-square χ2/df >>1, there may be serious doubt about the validity and 
adequacy of the model. The inadequate model suggests that there is a greater variability 
among counts than would be expected for log-linear distribution. 
The term overdispersion is used to describe such extra-variability in the 
multivariate log-linear regression model. The most common reason for data being 
overdispersed is that experimental conditions are not perfectly under control and the 
unknown parameters may vary not only with measured covariates but also with latent and 
uncontrolled factors in the model. The parameter φ as a ratio of the model deviance or the 
Pearson Chi-square to its associated degrees of freedom was proposed to estimate the 
overdispersion.63,64 The SAS statistical data analysis software introduced options of 
DSCALE (or SCALE= DEVIANCE) or PSCALE (or SCALE= PEARSON) in the 
general linear models statement of PROC GENMOD to control the overdispersion.60 The 
main outcome was the number of hospital admissions for children and adult populations 
by zip code area of residence. DIST=POISSON or DIST=P indicated that Poisson log-
linear regression analysis model was used in the generalized linear regression models’ 
option specified by SAS. Wald 95% Confidence Interval values (95% CI) were used to 
evaluate model parameters. Maximum likelihood estimates were used to predict the effect 
of socioeconomic status and environmental exposure descriptive variables in the model. 
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Chi-square statistics and corresponding statistical significance estimates by p-value were 
used for the analysis and further interpretation of model parameters.  
The data set in regression analysis can contain some cases that are outlying or 
extreme. Extreme cases may involve large residuals and may have influential effect on 
the fitted regression function. Therefore, the evaluation of extreme cases and further 
decision to retain or eliminate outlying cases is very important.66 The next step is to 
ascertain the effect of each extreme case and to decide whether or not these outlying 
cases are influential. A single case is considered as influential if its exclusion from the 
data set causes major changes in the best-fit regression model. DFBETAS estimates were 
used to evaluate the influence of each outlying case on the regression coefficients. The 
DFBETAS estimate is a value of the significant influence of the single extreme case ith 
on each regression coefficient bk (k=0, 1, …, p-1, where p- number of parameters in the 
regression analysis) based on the difference between the estimated regression coefficient 
bk representing all cases and the regression coefficient obtained when ith case is omitted 
(bk(i)). The DFBETAS estimate is obtained by dividing this difference by the standard 
deviation of bk:66  
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An estimator of the standard deviation δ is the positive square root of error mean 
square or residual mean square (MSE).66 
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 , where SSE stands for error sum of 
squares or residual sum of squares, p – number of parameters, n – total number of cases, 
and Yi(pred) – predicted estimate of dependent variable by the fitted model.  
The DFBETAS value by its sign indicates whether inclusion of a case leads to an 
increase or a decrease in the estimated regression coefficient. A large absolute value of 
DFBETAS indicates a large impact of the extreme case on the regression coefficient. The 
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influential case was defined as an outlier with the absolute value of DFBETAS more 
than
n
2 .66  
Human subject protection was assured by using non-identifiable coded personal 
information and by providing adequate security for initial datasets and final data analysis 
results. The study met required federal criteria to qualify as an exempt study and was 
approved by the Institutional Review Board, Division of Research Compliance, 
University of South Florida, on May 28, 2004 (Protocol No. 102536, see Appendix A). 
 
1.3. Results 
 
1.3.1. Hospital Admissions for Childhood and Adult Asthma 
 
The State of Florida Agency for Health Administration (AHCA) hospital inpatient 
discharge dataset included information on such patient demographic characteristics as 
age, gender and race, primary and secondary diagnosis, surgical procedures performed, 
hospital of admission, and type of payer or insurer. Preliminary data analysis revealed 
that a total of 23,958 annual hospital admissions, coded by either principal or secondary 
diagnosis of asthma, were reported by licensed hospitals in the State of Florida in 1999.  
Analysis of the number of total and childhood hospitalizations for asthma by 
calendar quarter revealed that more patients with asthma were admitted in the first 
quarter (January through March) and the last quarter (October through December). 
Results are presented in Tables 3 and 4.  
 
Table 3. Total number of hospital admissions for asthma and average length of stay 
(ALOS) in days by calendar quarter in Florida, 1999 
Calendar Quarter Asthma Hospitalizations Percent, % ALOS, days 
January - March   7,765   32 4 
April - June   4,648   19 4 
July - September   4.717   20 3 
October - December   6,828   28 3 
Total/ Average 23,958 100 4 
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Table 4. Children 14 years and younger hospital admissions for asthma and average 
length of stay (ALOS) in days by calendar quarter in Florida, 1999 
Calendar Quarter Asthma Hospitalizations Percent, % ALOS, days 
January - March   2,551   28 3 
April - June   1,754   20 3 
July - September   1,887   21 2 
October - December   2,800   31 3 
Total/ Average   8,992 100 3 
 
A total of 5,366 hospitalizations for asthma as a principal or secondary diagnosis 
for all age groups were recorded in Hillsborough County, FL, in 1999. St. Joseph, Tampa 
General, Brandon Medical Center, University Community, South Florida Baptist, 
Community Hospital in Carrolwood, Memorial, and Town and Country were the main 
hospitals of admission and accounted for 5142 or 95.8 per cent of total study subjects 
living in Hillsborough County, FL, in 1999. The number of asthma hospital admissions 
by county of patient’s permanent residence and principal hospital of admission is 
presented in Table B-1 (see Appendix B).  
Other hospitals which admitted asthma patients during the period of our study 
included Kindred and South Bay Hospitals, accounted for only 0.9 per cent of the total 
number of asthma hospital admissions at all hospitals located in Hillsborough County, 
FL, in 1999. The number of hospital admissions for asthma as either principal or 
secondary diagnosis by the reference source is presented in Table B-2 (see Appendix B). 
Emergency department rooms (ER) and referring physicians were the main reference 
sources for asthma hospital admission. ER referred admissions accounted for 51.5 to 73.7 
percent of total asthma hospital admissions in Hillsborough County, FL.  
The study area covered 44 postal zip code areas of residence as main geographical 
small-area units of data analysis. There were 1,009,855 persons, including 215,497 
children of less than 15 years of age, who were living in Hillsborough County, FL, in 
1999. There were a total of 5,366 hospital admissions for asthma as either primary or 
secondary diagnosis in Hillsborough County, FL, in 1999. The number of hospital 
admission for asthma as both principal and secondary diagnoses varied in separate zip 
code areas from 3 as a minimum to 328 as a maximum number of hospitalizations for 
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asthma. Secondary diagnosis of asthma could be biased by another different principal 
disease or medical condition, and could barely reflect existing chronic but not severe 
clinical condition which would require urgent clinical treatment. Only hospital 
admissions for childhood and adult asthma as a primary principal diagnosis were used to 
calculate crude childhood and adult asthma hospital admission rates and used for further 
stratified and multiple regression analysis. The total number of hospital admissions for 
asthma as a principal diagnosis of hospitalization was 1712 persons in 1999. There was 
significant positive correlation of hospital admissions for asthma as a primary diagnosis 
with hospitalizations for asthma as either primary or any secondary diagnoses of asthma 
by zip code areas of residence in Hillsborough County, FL, in 1999. (Pearson correlation 
coefficient r=0.98 with corresponding p-value p<0.0001). The distribution of hospital 
admissions for asthma as principal diagnosis and hospitalizations for asthma as principal 
or secondary diagnoses by separate zip code area of residence in 1999 is presented in 
Table B-3 (see Appendix B). The total number of hospital admissions for asthma as a 
primary diagnosis by zip code area varied within the range of 116 from 2 to 118 
hospitalizations by separate zip code area in Hillsborough County, FL, in 1999. The 
average mean value of number of hospital admissions for asthma by zip code area of 
residence was 38.9 with a corresponding standard error value of SE=2.33. The average 
mean value of crude hospital admission rates by geographical area of residence was 17.14 
per 10,000 of total population hospitalizations for asthma with a relevant standard error 
of SE=1.65 in 1999. The separate descriptive analysis results for asthma hospital 
admissions and crude rates of hospitalizations for asthma by zip code area of residence in 
1997 and 1998 are provided in Table B-4 (see Appendix B). There were 1649 and 1381 
total hospital admissions for asthma in 1997 and 1998 respectively. Calculated hospital 
admission rates vary from zero to 50.34 in 1997, and from 1.23 to 39.8 in 1998 
accordingly. The average mean values of hospital admission rates over the overall study 
area were 15.9 (SE=1.67) and 13.3 (SE=1.28) per 10,000 of total population in 1997 and 
1998 respectively.  
A comparison of adjusted (standardized) and crude asthma hospital admission rates 
could provide valuable information on how our study sample population differs from a 
 34
representative standard population, and whether existing differences specific to our study 
population could bias interpretation of final results and application to other geographical 
areas or population groups of interest outside our study area.  The US Census 2000 
population data was used to represent the standard population distribution by different 
demographic characteristics and to calculate relevant standard weights within separate 
categories (strata) by age, race and gender groups (see Appendix B). The total population 
in the given postal zip code area of residence was used as a standard reference group and 
corresponding denominator to calculate crude hospitalizations rates for asthma. The US 
Standard 1,000,000 population distribution by age, gender and race, was calculated and 
used as a standard reference to calculate standardized hospital admission rates by age, 
race and gender. Because of significant difference between children and adult crude rates 
of hospitalization for asthma, separate crude rates for children less than 15 years and 
adults of 15 years of age and older per 10,000 of children or adults population 
respectively were calculated by zip code area of residence. Crude rates of children and 
adults asthma hospital admissions in 1999 are presented in Table B-5 (see Appendix B).  
Calculated crude rates of hospitalizations for asthma as a principal diagnosis varied 
by separate zip code area from 2.28 to 56.95 hospital admissions per 10,000 population. 
Descriptive statistical analysis revealed that the average mean value was 17.14 hospital 
admissions per 10,000 with a corresponding standard error value SE=1.65. 
Hospitalizations of children younger than 15 years of age varied by separate zip code area 
from zero to 133.9 with an average mean value of 35.62 asthma hospitalizations per 
10,000 children population and a standard error value of SE=4.11 (see Picture 1).  
There were no pediatric asthma hospital admissions from the zip code residential 
area 33573, where the total children population was only 56 in 1999. In addition, the 
average mean value of the crude rate of adult asthma hospital admissions was 12.03 per 
10,000 of adult population with a standard error value of SE=1.05, and the corresponding 
crude rate estimates varied by zip code areas over the total study area from zero to 36.7 
adult asthma hospital admissions per 10,000 of 15 year and older population in 1999 (see 
Picture 2). 
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Picture 1. Crude childhood asthma hospitalization rates per 10,000 by zip code area of 
residence in Hillsborough County, FL, in 1999 
 
There was a very strong association between childhood and adult asthma hospital 
admission rates by zip code area of residence (correlation coefficient r=0.81, p<0.0000). 
Areas with relatively higher adult asthma rates had also higher hospitalization rates for 
childhood asthma. Both childhood and adult asthma rates were also highly correlated 
with total rates by single zip code area of residence (r=0.94, p<0.0000 for both childhood 
and adult crude asthma hospital admission rates correspondingly).  
The standard direct adjustment techniques were used to calculate standardized 
hospitalization rates by personal demographic characteristics. The US 2000 population 
was used as a reference population to obtain the standardized weights within different 
categories (strata) of individual socio-demographic characteristics. Direct standardization 
analysis is presented in Appendix B. Because of a limited number or no asthma hospital 
admissions available within a separate age stratum, 5 zip code areas of residence (33547, 
33572, 33573, 33621, and 33647) were excluded from the analysis and calculation of 
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age-adjusted rates. The distribution of crude and age-adjusted asthma hospitalization 
rates per 10,000 of population by zip code area in Hillsborough County, FL, in 1999, is 
presented in Table B-6 (see Appendix B). 
 
Picture 2. Crude adult asthma hospitalization rates per 10,000 by zip code area of 
residence in Hillsborough County, FL, in 1999 
 
The relative ratio of age-adjusted and crude rates for asthma hospital admissions by 
zip code area of residence was calculated to evaluate the difference between crude and 
adjusted rates by age by postal zip code area of residence. The average relative ratios 
over the total study area was 1.03 and varied slightly from 0.91 to 1.29 by separate zip 
code area of residence, providing the evidence that there is no significant difference 
between age-adjusted and crude hospital admission rates within the total area of study 
(p>0.05). The Pearson correlation coefficient also suggested a strong statistically 
significant association between crude and adjusted hospital admission rates by age 
(correlation coefficient r=0.99, p<0.0001). However, calculated separate crude asthma 
hospital admission rates for children (less than 15 years of age) and adults (of 15 years 
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and older) revealed an existing difference in corresponding rates within these two age 
groups. Gender- and race-adjusted rates were calculated for all geographical zip code 
areas of residence in Hillsborough County, FL, in 1999, and are represented in Table B-7 
(see Appendix B).  
Gender was defined into male and female groups, and corresponding standard 
population weights were used to adjust for gender differences within each group. Gender-
adjusted rates varied by different zip code over the study area from 2.29 in the zip code 
area 33647 to 56.9 in the zip code area 33602, with an average mean value of 17.15 
(SE=1.65) hospital admissions for asthma per 10,000 population over the total study area. 
The Pearson correlation analysis revealed an exact statistical association between crude 
and gender-adjusted rates for hospital admissions (correlation coefficient r=1 (0.999) 
with corresponding p-value p<0.000). The relative ratio values between gender-adjusted 
and crude rates varied by zip code areas from 0.98 to 1.02, with an average mean value of 
1 and a corresponding standard error value of SE=0.001. Race was divided into four main 
groups: white (Caucasian), black (African American), Hispanic (white and black 
Hispanic), and Others. Only 2 Black Hispanics were referred for hospital admission 
because of exacerbation of asthma-related respiratory symptoms during the year of 1999. 
Both patients were included in the Hispanic group. The Other’s category included Native 
American, Asian, multiracial, and non-identifiable ethnic groups. There was only 1 
Native American patient, living in the zip code are of 33610, admitted to the hospital for 
asthma diagnosis as a principal diagnosis in 1999. There were 7 Asian people admitted 
for asthma: 1 patient for each of 33510, 33604, 33613, 33614, 33634, and 2 patients in 
33611 zip code areas respectively. Adjusted rates for asthma hospital admissions by race 
varied over the total study area from 7.2 to 56.3, with an average mean value of 19.01 
hospital admissions per 10,000 population (SE=1.64). The Pearson correlation analysis 
by zip code areas revealed a slightly lower but significant association between race-
adjusted and crude hospitalization rates per 10,000 population (correlation coefficient 
r=0.89, with p<0.001). However, the analysis of the rate ratios between adjusted by race 
and crude rates of hospital admissions for asthma revealed much wider variation from 
0.68 to 8.05. The small-area socioeconomic deprivation status by racial differences was 
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represented by using the percentage of ethnic minority householders as a social status 
characteristic of a given geographical area of residence.   
Preliminary descriptive data analysis revealed differences in asthma hospitalizations 
over time and by geographical area of residence. The association between hospital 
admissions for childhood and adult asthma and both local environmental triggers and area 
socioeconomic status indicators, while controlling for environmental exposure to selected 
criteria ambient air pollutants over the area of residence, was evaluated to ascertain which 
environmental and socioeconomic factors could explain and predict asthma hospital 
admission rates.  
 
1.3.2. Environmental Asthma Triggers 
 
Ambient air pollution by particulate matter (PM10), sulfur dioxide (SO2), ozone 
(O3), ambient air temperature, as well as total grass, total tree, and total weed pollen 
counts were used to estimate the possible effect of aforementioned environmental triggers 
on the exacerbation of asthma-related respiratory symptoms which subsequently resulted 
in hospital admission for asthma. The study area covered geographical area of 
Hillsborough County, FL. Average calendar quarter estimates of environmental exposure 
to possible environmental asthma triggers were calculated to evaluate the association 
between environmental exposure and number of monthly asthma hospital admissions 
over time. To explore possible association between environmental exposure to asthma 
triggers and hospital admissions for childhood and adult asthma over time, the study 
duration was extended and included data for the period of 1997, 1998, and 1999. The 
calendar quarters divided each year of study into four different periods of time: (1) 
January-March; (2) April-June; (3) July-September; and (4) October-December. The 
average monthly or seasonal ambient air pollution by selected criteria pollutants has not 
exceeded the standard guidelines; however, hourly and daily variations in ambient air 
pollutant concentrations were more extreme with monitored concentrations very often 
exceeding the air quality standards. In addition, the single peak concentration values and 
total number of peaks above the national ambient air quality standards (NAAQS) were 
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identified for selected criteria ambient air pollutants. The number of daily peak 
concentrations per calendar quarter during the extended period of study was compared 
with the number of hospital admissions for childhood and adult asthma over the total area 
of study to evaluate the association between extreme peak ambient air pollution 
concentrations and exacerbations for asthma  
 
Air pollution 
Daily ambient air pollution by particulate matters, ozone, and sulfur dioxide 
concentration measurements by separate ambient air quality monitoring site were used to 
calculate corresponding average monthly and calendar quarter concentration values over 
the total study area. The air quality data was compared with the average number of 
hospital admissions for asthma as a principal diagnosis during the study period of 1997 
through 1999 in Hillsborough County, FL.  
 
Table 5. Air Quality Monitoring Network in Hillsborough County, FL, 1997-1999  
 
Site Site Name Site Location Latitude Longitude Pollutant 
0085 Eisenhower 7620 Big Bend Rd. 27N 47' 28" 82W 22' 06" PM10 
1069 Harbor Island 900 Harbor Island Blvd. 27N 56' 03" 82W 27' 07" PM10 
1068 Gaither 4013 Ragg Rd. 28N 06' 04" 82W 30' 15" PM10 
1002 Health Dept. 1105 E. Kennedy Blvd. 27N 56' 48" 82W 27' 06" PM10 
0109 East Bay 9851 Hwy 41 S. 27N 51' 16" 82W 23' 01" SO2 
0081 Simmons     Park 2401 19th Ave NW 27N 44' 34" 82W 28' 09" SO2, O3 
0095 Causeway 5012 Causeway Blvd. 27N 55' 16" 82W 24' 05"  PM10, SO2 
2002 Brandon 2929 S. Kingsway Ave. 27N 58' 01" 82W 16' 43" PM10 
0083 Gardinier US 41 27N 51' 44" 82W 22' 57" PM10 
0053 Ballast Point 5200 Interbay Blvd. 27N 53' 07" 82W 28' 54" SO2 
0030 Palma Ceia 3910 Morrison Ave. 27N 55' 50" 82W 30' 35" PM10 
1035 Davis Island Davis Blvd S. 27N 54' 33" 82W 27' 19" SO2, O3 
1065 Gandy Bridge 5121 Gandy Blvd. 27N 53' 33" 82W 32' 15" O3 
0066 Ruskin Hwy 41 N 27N 53' 35" 82W 24' 07" PM10 
4004 Plant City One Raider Place 27N 59' 27" 82W 07' 33" SO2, O3 
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The description of air quality monitoring network including the number, name, 
geographical location of each monitoring site, and type of pollutant measured is given in 
Table 5. Association between average seasonal environmental exposure to ambient air 
pollution by particles, sulfur dioxide and ozone was evaluated by calendar quarter over 
the period of study from 1997 through 1999. Analysis of daily peak concentrations was 
based on continuous hourly measurements at stationary ambient air quality monitoring 
stations located within our study area during the period of 1997 to 1999.  
 
Table 6. Number of peak concentrations above air quality standards for SO2, PM10 and 
O3, and a number of childhood and adult asthma hospital admissions by calendar month 
and quarter, in Hillsborough County, FL, 1997-1999 
1997 1/97 2/97 3/97 Quarter I 4/97 5/97 5/97 Quarter II 
SO2 11 6 5 22 4 4 7 15 
PM10 1 0 0 1 0 0 1 1 
O3 0 0 0 0 0 0 0 0 
Children 
Asthma - - - 207 - - - 135 
Adult 
Asthma - - - 276 - - - 182 
Total 
Asthma - - - 483 - - - 317 
1998 1/98 2/98 3/98 Quarter I 4/98 5/98 6/98 Quarter II 
SO2 1 8 7 16 6 4 4 14 
PM10 2 1 0 3 0 1 0 1 
O3 0 0 0 0 0 5 2 7 
Childhood 
Asthma - - - 160 - - - 108 
Adult 
Asthma - - - 286 - - - 190 
Total 
Asthma - - - 446 - - - 298 
1999 1/99 2/99 3/99 Quarter I 4/99 5/99 6/99 Quarter II 
SO2 4 4 4 16 10 6 2 18 
PM10 0 0 0 0 0 1 0 1 
O3 0 0 0 0 0 0 0 0 
Childhood 
Asthma - - - 235 - - - 153 
Adult 
Asthma - - - 354 - - - 158 
Total 
Asthma - - - 589 - - - 311 
 
A daily peak measurement was defined and counted as a concentration equal to or 
more than 100 ppb for sulfur dioxide, and equal to or more than 150 µg/m3 or more for 
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ambient particles based on established 24-hr state ambient air quality standards for the 
aforementioned pollutants. Ozone peak concentrations were estimated based on hourly 
peak values equal to or exceeding established 1-hour state standards (0.12 ppm).  
 
Table 6. Number of peak concentrations above air quality standards for SO2, PM10 and 
O3, and a number of childhood and adult asthma hospital admissions by calendar month 
and quarter, in Hillsborough County, FL, 1997-1999 (cont.) 
1997 7/97 8/97 9/97 Quarter III 10/97 11/97 12/97 Quarter IV Total 
SO2 4 5 0 9 3 4     7 14 50 
PM10 0 2 0 2 0 0 0 0 4 
O3 0 0 0 0 0 0 0 0 0 
Childhood 
Asthma - - - 170 - - - 262 774 
Adult 
Asthma - - - 162 - - - 283 903 
Total 
Asthma - - - 332 - - - 545 1677 
1998 7/98 8/98 9/98 Quarter III 10/98 11/98 12/98 Quarter IV Total 
SO2 13 6 4 23 5 6 5 16 69 
PM10 0 0 0 0 0 1 0 1 5 
O3 0 0 0 0 0 0 0 0 7 
Childhood 
Asthma - - - 91 - - - 190 549 
Adult 
Asthma - - - 165 - - - 216 857 
Total 
Asthma - - - 256 - - - 406 1406 
1999 7/99 8/99 9/99 Quarter III 10/99 11/99 12/99 Quarter IV Total 
SO2 6 5 6 17 2 7 3 12 63 
PM10 0 0 0 0 0 0 0 0 1 
O3 0 1 0 1 0 0 0 0 1 
Childhood 
Asthma - - - 163 - - - 230 781 
Adult 
Asthma - - - 163 - - - 256 931 
Total 
Asthma - - - 326 - - - 486 1712 
 
Peak concentrations registered by different air quality monitoring station at the 
same time were counted as one peak over the study area. Some days could have more 
than one peak concentration by a specific pollutant, however, there should be at least one 
hour difference or more between two peak concentrations at the same or different 
monitoring stations to count measurements as two different peaks. Continuous peak 
concentrations lasting for a few hours were also counted as one peak. Ambient air 
pollution by particulate matters and ozone was below air quality standards. Only 
 42
environmental exposure to sulfur dioxide has shown numerous peak concentrations above 
established ambient quality standards. Sulfur dioxide has also had more noticeable 
variation of daily peak concentration values compared to ambient particles or ozone 
(Table 6). Even if one sets a lower peak concentration cut-off point value of higher than 
50 µg/m3, it did not show higher variation and did not reveal more peak measurements 
for ambient particles. Because of a limited number of peak concentrations for ambient 
particles and ozone, only the number of daily sulfur dioxide peak concentrations was 
used to explore possible association between number of peak concentrations and 
corresponding increase in hospital admissions for asthma by calendar quarter over the 
period of study 1997-1999. The number of peak concentrations of particulate matter, 
ozone, and sulfur dioxide ambient concentrations exceeding ambient air quality standards 
is presented above in Table 6. 
 
Particulate matter 
The ambient particles monitoring network consisted of 9 continuous ambient air 
quality monitoring stations in Hillsborough County, FL, (Site 30, Site 66, Site 83, Site 
85, Site 95, Site 1002, Site 1068, Site 1069 and Site 2002). Calculated average monthly 
and annual coarse particulate matter concentrations by separate ambient air quality 
monitoring site and by single year of 1997, 1998, and 1999 are presented below in Tables 
7-9. The highest average annual concentrations were indicated in Site 66 (36 µg/m3 in 
1997, 33 µg/m3 in 1998 and 34.9 µg/m3 in 1999) and in Site 1069 (1997 – 28 µg/m3, 1998 
– 30.4 µg/m3 and 1999 – 28 µg/m3) in Hillsborough County, FL. 
The lowest annual values were seen in Site 1068 (1997 – 21.5 µg/m3, 1998 – 21.6 
µg/m3 and 1999 – 19 µg/m3) and Site 2002 (1997 – 22.7 µg/m3, 1998 – 23.6 µg/m3 and 
1999 – 22 µg/m3) correspondingly. In 1997, the average annual value was 26 µg/m3 
varying from 24.8 in January to 27.6 µg/m3 in May in Hillsborough County, FL. The 
average yearly values were 26.2 µg/m3 and 26.1 µg/m3 in 1998 and 1999, respectively. 
There were relatively higher concentrations of ambient particles in April-June and 
July-September in 1997 and 1998 respectively, and the highest concentrations were 
indicated in January-March calendar quarter in 1999. (see Table 7-9) 
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Table 7. Average monthly and quarterly particulate matter (PM10) concentrations, µg/m3, 
by separate ambient air quality monitoring site, Hillsborough County, FL, 1997 
 
1997 Site 30 Site 66 Site 83 Site 85 Site 95 Site 1002 Site 1068 
January 26.2 35.8 23.6 17.5 31.0 26.4 18.0 
February 26.6 35.8 20.3 17.0 29.8 29.0 21.6 
March 26.2 38.0 26.0 23.0 30.2 26.6 21.2 
April 27.8 35.6 23.2 22.8 27.8 28.0 24.0 
May 24.3 45.0 25.0 22.4 29.2 25.2 23.8 
June 32.6 39.2 28.6 24.4 27.7 34.2 28.2 
July 30.5 31.4 28.0 24.3 32.0 32.2 24.2 
August 25.4 35.2 23.2 20.2 26.3 27.0 19.4 
September 24.4 34.4 19.4 19.6 22.4 23.0 18.4 
October 27.0 39.3 23.2 23.0 26.8 27.5 21.2 
November 20.8 39.4 22.0 19.4 27.6 32.3 19.8 
December 20.2 24.0 20.4 17.0 23.2 22.4 19.0 
Average 26.0 36.1 23.6 20.9 27.8 27.8 21.6 
 
Table 7. Average monthly and quarterly PM10, µg/m3, by separate ambient air quality 
monitoring site, Hillsborough County, FL, 1997 (cont.) 
1997 Site 1069 Site 2002 
Average 
Concentration 
Average 
Concentration 
January 25.0 20.6 24.9 25.8 
February 24.3 23.6 25.3  
March 26.8 27.4 27.3  
April 27.6 23.0 26.6 28.3 
May 29.6 23.8 27.6  
June 35.2 25.8 30.7  
July 32.6 24.6 28.9 25.7 
August 29.0 22.8 25.4  
September 25.2 19.5 22.9  
October 29.5 22.8 26.7 24.3 
November 28.8 20.3 25.6  
December 22.2 18.0 20.7  
Average 28.0 22.7 26.1 26.1 
 
Table 8. Average monthly and quarterly PM10, µg/m3, by separate ambient air quality 
monitoring site in Hillsborough County, FL, 1998 
1998 Site 30 Site 66 Site 83 Site 85 Site 95 Site 1002 Site 1068 
January 20.2 23.4 19.0 18.5 21.8 22.0 17.2 
February 26.4 29.2 24.0 21.6 28.4 28.0 20.2 
March 27.0 42.0 24.0 22.6 29.5 30.2 21.6 
April 29.4 32.8 26.8 24.4 32.6 29.0 22.8 
May 35.8 33.0 31.8 29.2 33.8 34.6 29.4 
June 30.6 32.8 31.5 24.8 35.8 32.2 23.0 
July 35.4 37.6 38.8 34.2 42.4 38.8 32.0 
August 27.7 25.0 22.8 20.0 25.2 26.6 17.2 
September 23.7 28.3 15.7 18.3 23.5 25.0 19.0 
October 20.4 50.8 20.3 19.8 25.2 27.0 17.3 
November 32.8 32.0 28.0 27.0 31.0 31.3 22.0 
December 22.8 31.2 21.3 21.5 27.0 28.3 18.0 
Average 27.7 33.2 25.3 23.5 29.7 29.4 21.6 
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Table 8. Average monthly and quarterly PM10, µg/m3, by separate ambient air quality 
monitoring site, Hillsborough County, FL, 1998 (cont.) 
 
1998 Site 1069 Site 2002 
Average 
Monthly  
Average 
Quarterly 
January 22.2 17.6 20.2 24.6 
February 30.5 22.2 25.6  
March 32.0 23.0 28.0  
April 31.6 25.6 28.3 30.5 
May 33.4 33.8 32.8  
June 34.6 28.6 30.4  
July 39.2 29.8 36.5 27.4 
August 26.3 24.4 23.9  
September 25.3 17.8 21.8  
October 30.4 21.0 25.8 26.1 
November 30.6 21.0 28.4  
December 29.2 18.7 24.2  
Average 30.4 23.6 27.2 27.2 
 
Table 9. Average monthly and quarterly PM10, µg/m3, by separate ambient air quality 
monitoring site, Hillsborough County, FL, 1999 
1999 Site 30 Site 66 Site 83 Site 85 Site 95 Site 1002 Site 1068 
January 22.0 31.0 22.4 19.0 25.4 25.4 19.0 
February 27.3 42.8 26.3 27.5 34.0 35.3 23.8 
March 27.5 46.2 30.0 26.0 35.2 33.5 24.2 
April 25.2 40.4 27.2 23.0 28.4 27.2 14.4 
May 21.4 28.8 25.6 20.2 27.6 22.4 19.2 
June 24.4 27.2 22.4 21.0 27.4 25.6 21.0 
July 31.4 31.2 33.6 24.6 32.6 33.4 32.0 
August 20.3 24.4 20.6 14.8 22.0 21.2 16.2 
September 20.4 34.8 23.2 18.6 25.6 23.4 17.5 
October 17.8 37.8 15.2 13.6 16.6 19.4 13.0 
November 18.8 33.0 18.6 15.4 21.6 21.0 14.4 
December 24.4 41.2 20.2 17.6 22.4 27.4 17.4 
Average 23.6 34.9 23.8 20.1 26.6 26.3 19.5 
 
Table 9. Average monthly and quarterly PM10, µg/m3, by separate ambient air quality 
monitoring site, Hillsborough County, FL, 1999 (cont.) 
 
1999 Site 1069 Site 2002 
Average 
Monthly  
Average 
Quarterly 
January 27.5 22.3 23.8 28.8 
February 34.3 26.7 30.9  
March 34.0 27.8 31.6  
April 29.2 26.4 26.8 24.8 
May 25.4 20.2 23.4  
June 28.4 20.0 24.2  
July 33.6 29.8 31.4 24.8 
August 23.0 17.2 20.0  
September 24.8 20.2 23.2  
October 25.0 14.6 19.2 21.3 
November 21.6 17.6 20.2  
December 28.6 20.6 24.4  
Average 27.9 21.9 25.0 25.0 
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The graphical distribution of asthma hospital admission and average air pollution by 
ambient particles by calendar quarter during the period of 1997-1999 in Hillsborough 
County, FL, is illustrated in Figure 1.  
 
Figure 1. The total number of hospital admissions for childhood and adult asthma and 
average ambient particle concentration, µg/m3, in Hillsborough County, FL, by calendar 
quarter during the period of 1997-1999 
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Ambient air pollution by particulate matter and other environmental asthma triggers 
regression analysis results are presented in Appendix D. Simple log-linear regression 
analysis concluded that there was no significant association between air pollution by 
ambient particles and hospital admissions for total (p>0.1), adult (p>0.1) and children 
(p>0.05) asthma.  
 
Ozone (O3) 
The 1-hour NAAQS standard was 0.12 ppm. Although average annual ozone 
concentrations were very similar in different continuous ambient air quality monitoring 
sites, the monthly and seasonal variations were more prominent in the selected study 
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area. The highest peak values were observed in Spring (April-May), while lowest ozone 
concentration was at the end of Fall and in Winter (December). The number of daily 
peaks represented the number of extreme concentrations above 0.12 ppm. However, the 
established federal standard was exceeded only once (August 1999) during the overall 
study period of 1997 through 1999. Ozone monitoring station network included Sites 81, 
1035, 1065 and 4004 in Hillsborough County, FL. Site 4004 started to operate in April 
1998. (Table 11) 
The average monthly values during the overall study period of 1997-1999 varied 
from 19.5 ppb in December to 41 ppb in April in Hillsborough County, FL. The 
distribution of average monthly and quarterly ozone concentrations by different year is 
given in Tables 10-12 below. Site 4004 was started to operate since 1998 and, therefore, 
obtained ambient air quality data represent the time period of 1998-1999 only.  
 
Table 10. Average monthly and quarterly ozone concentration, ppb, by separate 
monitoring site, in Hillsborough County, FL, in 1997 
1997 Site 81 Site 1035 Site 1065 Site 4004 
Average 
Monthly  
Average 
Quarterly 
January 26.4 21.4 23.5 NA 23.8 28.6 
February 30.1 24.5 26.4 NA 27.0  
March 38.2 32.1 34.8 NA 35.0  
April 44.2 39.2 41.2 NA 41.5 36.2 
May 38.4 35.5 39.5 NA 37.8  
June 28.9 28.4 30.9 NA 29.4  
July 30.9 27.6 31.8 NA 30.1 31.1 
August 34.3 31.5 36.2 NA 34.0  
September 29.8 27.1 30.9 NA 29.3  
October 33.4 26.9 32.2 NA 30.8 26.1 
November 27.3 22.1 27.3 NA 25.6  
December 24.6 18.3 22.7 NA 21.9  
Average 32.2 27.9 31.4 NA 30.5 30.5 
 
The highest annual averages were observed in Sites 81 and 1065 in Hillsborough 
County, FL. The lowest relevant average values were shown in Site 4004 in Hillsborough 
County, FL. In Site 81, average yearly values varied from 30.1 ppb in 1998 to 32.7 ppb in 
1999, while average monthly concentrations varies from minimum 21.06 ppb in 
September 1998 to maximum 45.6 ppb in May 1998. In 4004, average yearly value was 
26.6 ppb and average monthly concentrations varied from 14.1 ppb in December 1998 to 
40.5 ppb in May 1998. 
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Table 11. Average monthly and quarterly ozone concentration, ppb, by separate 
monitoring site, in Hillsborough County, FL, in 1998 
1998 Site 81 Site 1035 Site 1065 Site 4004 
Average 
Monthly  
Average 
Quarterly 
January 27.8 21.7 26.3 NA 25.3 32.7 
February 37.6 30.7 36.4 NA 34.9  
March 39.7 34.7 39.4 NA 37.9  
April 43.8 42.4 45.0 39.7 42.7 39.7 
May 45.5 42.5 46.9 40.5 43.9  
June 33.1 30.6 33.4 33.2 32.6  
July 29.8 25.6 29.8 25.5 27.7 23.6 
August 27.5 22.1 26.9 23.6 25.0  
September 21.1 16.8 18.3 16.4 18.2  
October 30.5 25.2 30.8 25.9 28.1 23.0 
November 27.1 21.4 25.8 20.4 23.7  
December 21.3 15.0 18.8 14.1 17.3  
Average 32.1 27.4 31.5 26.6 29.4 29.4 
 
Table 12. Average monthly and quarterly ozone concentration, ppb, by separate 
monitoring site, in Hillsborough County, FL, in 1999 
1999 Site 81 Site 1035 Site 1065 Site 4004 
Average 
Monthly  
Average 
Quarterly 
January       17.4 19.6 19.3 18.8 30.5 
February 33.7 29.0 32.6 29.7 31.3  
March 44.7 38.4 43.1 39.3 41.4  
April 40.8 36.8 39.8 37.9 38.8 33.0 
May 38.3 34.6 37.7 32.8 35.9  
June 27.1 22.8 24.4 22.5 24.2  
July 28.0 25.2 27.8 22.2 25.8 27.6 
August 29.6 24.5 27.1 25.3 26.6  
September 34.0 28.5 32.5 26.0 30.3  
October 28.6 23.9 26.7 21.6 25.2 24.3 
November 31.1 25.4 30.0 24.1 27.7  
December 23.6 17.5 20.5 18.0 19.9  
Average 32.7 27.0 30.2 26.6 29.1 29.1 
 
The average exposure to ozone and hospital admissions for childhood and adult 
asthma by calendar quarter during the period of 1997-1999 is presented in Figure 2. 
Poisson log-linear regression analysis results are provided in Appendix D. There was no 
significant association between environmental ambient air pollution by ozone and 
hospital admissions for total (p>0.1), childhood (p>0.1), and adult (p>0.1) asthma 
discovered by conducting simple log-linear regression analysis.  
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Figure 2. The total number of hospital admissions for childhood and adult asthma and 
average ozone concentration, ppb, in Hillsborough County, FL, by calendar quarter 
during the period of 1997-1999 
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Sulfur dioxide (SO2) 
The average changes in environmental quality by ambient ozone were evaluated 
based on average quarterly concentration measurements and the number of daily peak 
concentration values above the NAAQS per calendar quarter during the period of 1997-
1999. There were a total of 7 monitoring stations in Hillsborough County, FL. The data 
on air pollution by SO2 was collected in Sites: 53, 81, 95, 109, 1035 and 4004 in 
Hillsborough County, FL.  
Average monthly and quarterly values at different ambient air quality monitoring 
site by separate year of study are presented in Tables 13-15. The average 1997-1999 
value by different site varied from 3.1 ppb (site 4004) and 4 ppb (Site 81) to 8 ppb (Site 
1035) and 5.7 ppb (Site 53) in Hillsborough County, FL. 
Yearly average by separate year varied from 4.9 ppb in 1998 to 5.6 ppb in 1997 in 
Hillsborough County, FL (see Table 13 and 14). Average monthly variations were higher 
and varied from 3.8 ppb in April 1998 to 6.8 ppb in August 1997 and 6.1 ppb in August 
 49
1998 in Hillsborough County, FL. In Hillsborough County, FL, there were 3.4 times 
higher average monthly concentration in Site 1035 as compared to the average annual 
concentration in Site 109 in September 1997. 
 
Table 13. Average monthly and quarterly sulfur dioxide concentration, ppb, by separate 
monitoring site, in Hillsborough County, FL, in 1997 
1997 
 
Site 
53 
 
Site 
81 
 
Site 
95 
 
Site 109 
 
Site 
1035 
 
Site 
4004 
 
Average 
Monthly 
Conc., ppb 
Average 
Quarterly 
Conc., ppb 
January 4.0 5.8 6.3 8.3 5.0 NA 5.9 5.2 
February 3.5 5.3 4.5 6.3 7.2 NA 5.4  
March 2.7 3.2 5.2 4.7 6.5 NA 4.5  
April 3.6 4.4 4.8 5.0 6.9 NA 4.9 5.6 
May 5.7 4.7 4.5 4.6 8.1 NA 5.5  
June 6.5 5.0 6.3 5.0 8.9 NA 6.3  
July 5.4 3.5 6.6 5.4 12.1 NA 6.6 6.4 
August 7.1 4.2 6.0 6.5 10.3 NA 6.8  
September 7.2 3.9 4.5 2.9 10.0 NA 5.7  
October 6.5 4.1 3.5 3.7 8.4 NA 5.2 5.1 
November 4.3 4.8 6.5 5.0 5.7 NA 5.3  
December 1.8 4.5 3.6 9.2 5.2 NA 4.9  
Average 4.8 4.5 5.2 5.6 7.9 NA 5.6 5.6 
 
Table 14. Average monthly and quarterly sulfur dioxide concentration, ppb, by separate 
monitoring site, in Hillsborough County, FL, in 1998 
1998 
 
Site 
53 
 
Site 
81 
 
Site 
95 
 
Site 109 
 
Site 
1035 
Site 
4004 
Average 
Monthly 
Conc., ppb 
Average 
Quarterly 
Conc., ppb 
January 3.3 3.5 2.8 3.9 6.4 NA 4.0 4.6 
February 2.6 3.4 3.8 6.2 6.7 NA 4.5  
March 3.1 4.8 2.8 7.7 7.4 NA 5.2  
April 2.6 1.7 4.6 4.8 6.5 2.8 3.8 4.6 
May 4.6 3.7 6.5 4.7 6.4 4.2 5.0  
June 4.3 2.8 6.2 7.0 6.1 4.0 5.1  
July 4.9 2.9 6.7 9.2 7.2 4.5 5.9 5.5 
August 7.1 4.0 4.9 5.8 11.4 3.6 6.1  
September 5.6 1.1 3.8 2.8 10.0 2.8 4.4  
October 7.2 5.4 3.7 3.6 8.9 2.0 5.1 5.1 
November 6.3 3.8 4.2 4.3 8.9 2.7 5.0  
December 5.9 3.2 2.7 5.2 10.8 2.3 5.0  
Average 4.8 3.4 4.4 5.4 8.1 3.2 4.9 4.9 
 
The average exposure to sulfur dioxide and distribution of asthma hospital 
admissions for childhood and adult asthma by calendar quarter during the period of 1997-
1999 is given below in Figure 3. 
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Table 15. Average monthly and quarterly sulfur dioxide concentration, ppb, by separate 
monitoring site, in Hillsborough County, FL, in 1999 
1999 
 
Site 
53 
 
Site 
81 
 
Site 
95 
 
Site 
109 
 
Site 
1035 
Site 
4004 
Average 
Monthly 
Conc., ppb 
Average 
Quarterly 
Conc., ppb 
January 5.6 NA 3.6 4.9 8.3 3.6 5.2 5.2 
February 4.2 4.3 5.4 6.0 6.5 2.9 4.9  
March 6.0 5.6 5.6 6.8 7.7 2.1 5.6  
April 4.3 2.5 6.7 6.8 9.7 2.5 5.4 5.5 
May 5.1 4.0 5.6 4.6 9.0 3.1 5.2  
June 8.0 3.8 4.5 4.8 10.8 3.5 5.9  
July 5.1 2.6 5.5 6.0 8.9 3.0 5.2 5.2 
August 5.2 3.1 6.3 4.3 8.3 3.1 5.1  
September 5.0 3.5 3.1 7.5 7.8 NA 5.4  
October 5.8 4.1 1.3 4.9 6.3 NA 4.5 4.6 
November 4.6 7.0 2.5 3.1 6.4 NA 4.7  
December 3.3 6.7 2.8 3.7 7.2 NA 4.7  
Average 5.2 4.3 4.4 5.3 8.1 3.0 5.1 5.1 
 
Figure 3. The total number of hospital admissions for childhood and adult asthma and 
average sulfur dioxide concentration, ppb, in Hillsborough County, FL, by calendar 
quarter during the period of 1997-1999 
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The number of sulfur dioxide peak concentrations and asthma hospital admissions 
for childhood and adult asthma by calendar quarter during the period of 1997-1999 are 
represented in Figure 4. 
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Figure 4. The total number of hospital admissions for childhood and adult asthma and 
average number of peak concentrations for sulfur dioxide in Hillsborough County, FL, by 
calendar quarter during 1997-1999 
Number of hospitalizations for childhood and adult asthma and a number 
of SO2 peak daily concentrations of 100 ppb or more by calendar quarter, 
Hillsborough County, FL, 1997-1999
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Seasonal variation of sulfur dioxide by calendar quarter revealed no significant 
association between ambient air pollution by SO2 and childhood (p>0.1), adult (p>0.1) or 
total (p>0.01) asthma hospital admissions during the period of study 1997-1999. The 
same trend by calendar quarter during the overall period of study was shown for 
calculated number of sulfur dioxide peak concentrations. Simple log-linear regression 
analysis revealed that there was no statistically significant association between the 
number of sulfur dioxide peak concentrations and both childhood (p>0.1), adult (p>0.1), 
and total (p>0.1) asthma hospitalizations by calendar quarter during the period of 1997-
1999 (see Appendix D).  
 
Temperature 
Average daily temperature measurements were used to calculate average values by 
calendar quarter and to evaluate the association between the total number of 
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hospitalizations for asthma and changes in temperature by calendar quarter during the 
period of time 1997-1999. The peak temperature values were observed in the middle of 
Summer (July) and were lowest in Winter (December-January) (see Table 16). The 
average monthly temperature values over the entire period of study varied from 60.2 °F 
in January 1999 and 60.4 °F in December 1997 to 85.8 °F in June 1998 and 85 °F in July 
1999. Daily values varied from as low as 46 °F in January 6, 1997, to 88 °F in June 27, 
1998. Seasonal variations by calendar quarter revealed that the lowest temperature during 
the overall study period was specific to Quarter I (January-March) and Quarter IV 
(October-November). Average yearly temperature varied over time only very slightly 
from 74.1 °F in 1997 to 75.5 °F in 1998.  
 
Table 16. Average monthly and quarterly ambient temperature, °F, Tampa Bay, 1997-
1999 
Month 1997 
Average 
Temperature, 
°F, 1997 1998 
Average 
Temperature, 
°F, 1997 1999 
Average 
Temperature, 
°F, 1999 
January 63.2 68.9 65.3 66.3 60.3 65.3 
February 69.6  67.5  70.0  
March 73.8  66.2  65.8  
April 74.4 78.1 70.1 78.2 72.4 77.7 
May 78.0  78.6  79.0  
June 81.8  85.8  81.6  
July 81.8 81.9 83.2 82.6 85.0 83.7 
August 83.4  83.4  84.0  
September 80.4  81.3  82.0  
October 76.3 67.6 79.8 74.7 76.8 71.9 
November 66.0  74.8  72.0  
December 60.4  69.7  67.0  
Average 74.1 74.1 75.5 75.5 74.7 74.7 
 
There was a strong statistically significant inverse association observed between 
average temperature values and hospital admissions for total as well as both childhood 
and adult asthma by calendar quarter during 1997-1999 (see Figure 5).  
The Pearson correlation analysis provided separately for childhood, adult and total 
asthma hospitalizations by calendar quarter proved a strong inverse correlation between 
ambient temperature and both childhood (r=-0.7, p<0.0001)  and adult (r=-0.95, 
p<0.0001) asthma hospital admissions. 
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Figure 5. Average ambient temperature, °F, and number of hospital admissions for 
childhood and adult asthma by calendar quarter in Hillsborough County, FL, 1997-1999 
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Simple log-linear regression analysis supported the conclusion that ambient 
temperature could explain the increase in hospital admission for childhood and adult in 
the selected study area. There was a strong significant inverse association between 
ambient temperature and hospital admissions for childhood (p<0.0001), adult (p<0.0001), 
and total (p<0.0001) asthma (see Appendix D).  
Adult asthmatics were more sensitive to the effect of ambient temperature decrease. 
Transformed simple log-linear regression model parameter estimates suggest that 
decrease in ambient air temperature by 10 F could account for up to 32%, 41%, and 37% 
increase in hospital admissions childhood, adult, and total asthma respectively. Simple 
log-linear regression analysis results suggest that sudden changes and decrease in 
temperature, ºF, in the colder period of time could explain the increase in asthma 
hospitalizations in the Hillsborough County, FL. 
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Total pollen counts  
Average monthly values and also seasonal patterns by calendar quarter along with a 
maximum peak and lowest values by separate month were calculated in Hillsborough 
County, FL, 1997-1999. Each type of pollen has had its specific blooming season with 
corresponding maximum peak values. Calculated average monthly and seasonal pollen 
concentrations are presented for total tree, weeds, and grass counts by separate calendar 
quarter during the period of 1997-1999 (Tables 17-19) The distribution of total tree, grass 
and weed average number of counts is compared to hospital admissions for childhood 
and adult asthma by calendar quarter for the period of 1997-1999 in Figures 6-8. 
 
Table 17. Average monthly and seasonal total tree pollen counts in Hillsborough County, 
FL, 1997-1999  
 Total tree  pollen counts 
 1997 
Monthly 
1998 
Monthly 
1999 
Monthly 
1997 
Quarterly 
1998 
Quarterly 
1999 
Quarterly 
January      77.4 358.8   95.3 260.6 581.3 496.3 
February    187.5 474.3  368.5    
March    516.8     911 1025.2    
April 179 379.4    344 67.0 133.9 165.6 
May   13   19.3 148.8    
June    9  3 4    
July    1.2   0      2.75 0.7 0.4 37.2 
August 0   0    0.3    
September 1 1.3 108.6    
October 28.8     80   58.8 22.6 33.2 37.8 
November  8.3 13.5 22    
December 30.8       6   32.6    
Total/ 
Average 87.7 187.2 184.2 87.7 187.2 184.2 
 
Calculated average monthly and seasonal grass pollen counts by calendar quarter 
are presented below in Table 19 and Figure 8 respectively. Simple log-linear regression 
analysis revealed tree, weed and grass pollen was not associated with increase in 
childhood asthma hospital admissions over the period of time 1997-1999. There were two 
peaks in March-April and July-August noticed for total weed pollen during the period of 
study from 1997 to 1999 (see Tables 17-19). The peak seasonal values of total tree pollen 
counts were observed in February and March. For total grass pollen, the highest number 
of pollen counts was in both July and August.  
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Figure 6. Average number of total tree pollen counts and number of hospital admissions 
for childhood and adult asthma by calendar quarter during the period of 1997-1999, in 
Hillsborough County, FL 
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Table 18. Average monthly and seasonal total weed pollen counts in Hillsborough 
County, FL, 1997-1999 
  Total weed pollen counts 
 1997 
Monthly 
1998 
Monthly 
1999 
Monthly 
1997 
Quarterly 
1998 
Quarterly 
1999 
Quarterly 
January      0.6 0   0.5 20.7 10.2 20.5 
February      3.8   12.3 17.3    
March    57.8   18.3 43.8    
April 15   67.4 33.3 10.2 34.5 23.2 
May 11   13.5     17    
June    4.5   22.5 19.4    
July    39.6   11.2 28.5 28.5 16.9 28.3 
August    21.8   13.3 15.3    
September 24   26.2 41.2    
October    16.5 23 26.8 19.0 17.0 28.6 
November    31.5    25.5 56.3    
December   9     2.6   2.8    
Average   19.6  19.6 25.2 19.6 19.6 25.2 
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Figure 7. Average number of total weed pollen counts and number of hospital 
admissions for childhood and adult asthma by calendar quarter during the period of 1997-
1999, in Hillsborough County, FL 
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For asthmatic adults, tree and grass but not weed pollen was shown to be 
significantly associated with hospitalizations by calendar quarter. Tree pollen counts 
were positively associated, while grass pollen had negative (inverse) association with 
adult hospitalization for asthma during the period of study. Preliminary simple regression 
analysis results disclosed that increase by 10 concentration units in tree may account for 
1% additional hospitalizations for adult asthma, while decrease by 1 unit in grass pollen 
could explain the increase in adult asthma hospital admissions by 11.9%.  
The interpretation of crude association based on only simple regression analysis 
models should be drawn very carefully because the established crude association could be 
explained by other third factors, which are not included in the study, or a possible 
confounder, which could change the significance and magnitude of a crude association if 
it was included in the multiple regression analysis. Ambient temperature was also 
strongly positively correlated with environmental exposure to total grass (r=0.76, 
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p<0.0001) and weed (r=0.35, p<0.05), and inversely associated with total tree pollen 
counts (r=-0.69, p<0.0001).  
 
Table 19. Average monthly and seasonal total grass pollen counts in Hillsborough 
County, FL, 1997-1999  
  Total grass pollen counts 
 1997 
Monthly 
1998 
Monthly 
1999 
Monthly 
1997 
Quarterly 
1998 
Quarterly 
1999 
Quarterly 
January 0 0    0.5 1.0 1.4 2.3 
February 0    1.3    0.8    
March 3 3    5.6    
April 3   4.6    6.3 3.5 3.3 4.6 
May 4   2.8 4    
June NA   2.5    3.6    
July   3.6   2.6    5.8 7.1 5.0 5.1 
August   6.8   3.8    4.8    
September 11   8.6    4.8    
October 6   3.8    2.8 4.3 2.9 2.0 
November   3.8   3.8    2.3    
December 3   1.8  1    
Average   4.0   3.2    3.5 4.0 3.2 3.5 
 
Figure 8. Average number of total grass pollen counts and number of hospital admissions 
for childhood and adult asthma by calendar quarter during the period of 1997-1999, in 
Hillsborough County, FL 
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These associations could explain the significant positive crude association of total 
tree pollen and inverse (negative) association of grass pollen with adult asthma hospital 
admissions. To answer these questions, all aforementioned criteria ambient air pollutants 
and other possible environmental triggers of asthma were included in the multiple log-
linear regression model by using stepwise backward selection best-fit non-linear model 
techniques. 
 
1.3.3. Multiple log-linear regression analysis 
 
Environmental exposure to ambient air pollution by ambient particles, sulfur 
dioxide, and ozone; number of sulfur dioxide peak concentrations; and such aeroallergen 
counts as weed, tree, and grass pollen levels, while controlling for calendar quarter, 
represented independent variables in the separate multiple log-linear regression model of 
hospital admissions for childhood and adult asthma. The statistical data analysis outcome 
is presented in Appendix D. The multiple regression stepwise backward selection model 
building procedures revealed that ambient temperature was the only significant and 
influential factor in the final best-fit regression model for both asthmatic children and 
adults. None of the aforementioned selected criteria ambient air pollutants was shown to 
be significant in the multiple regression model after the adjustment to other known and 
probable environmental triggers of asthma. Tree and grass pollen, which were shown to 
be significant predictors for adult asthma hospital admissions in crude analysis, were not 
significant variables, while controlling for ambient temperature. The scatter plots for 
ambient temperature and hospital admissions for childhood and adult asthma are given in 
Figures 9 and 10 respectively.  
More detailed analysis of standardized residual deviances along with predicted 
estimates for childhood asthma hospital admissions did not show any extreme cases or 
outliers, which could influence the precision of developed best-fit models and 
interpretation of fitted model parameter estimates. 
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Figure 9. Scatter plot of ambient temperature and childhood asthma hospital admissions 
in Hillsborough County, FL, by calendar quarter 1997-1999 
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Figure 10. Scatter plot of ambient temperature and adult asthma hospital admissions in 
Hillsborough County, FL, by calendar quarter 1997-1999 
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Standardized residual deviances analysis against predicted values for adult asthma 
revealed two extreme cases above the cut-off value of 2 or below the cut-off value of 
minus 2 (2.4 and -2.2). Additional analysis of the best-fit regression model without 
extreme cases concluded that these two outliers are not influential and could be left in the 
final model. DFBETAS were used to estimate the influence of outliers on the model 
parameter estimates and statistical data analysis provided without selected extreme cases 
is presented in Appendix D. A large absolute value of DFBETAS indicates a large impact 
of the extreme case on the regression coefficient. The influential cases were defined as 
outliers with the absolute value of DFBETAS more than
n
2  or 0.57, where n is a number 
of sample points (n=12). Calculated square root of mean square errors was 16.89 and 
DFBETAS value was 0.00018 (DFBETAS<< 0.57). The distribution of standardized 
model residual deviance estimates against predicted asthma hospitalizations is illustrated 
in Figures 11 and 12 for childhood and adult hospital admissions separately.  
 Significant final best-fit log-linear regression model parameter estimates were 
transformed by using natural antilog transformation to provide quantitative interpretation 
of multiple regression analysis results. Multiple regression analysis outcomes supported 
previous crude association analysis results and suggested that a decrease in ambient air 
temperature of 10 ºF could account for up to 32% and 41% of an increase in hospital 
admissions of childhood and adult asthma respectively. 
Possible interaction between ambient temperature and selected criteria ambient air 
pollutants as well as temperature and ambient aeroallergen counts for tree and grass 
pollen was estimated by including corresponding interaction terms in the multiple 
regression model to estimate its significant effect on hospitalizations for both childhood 
and adult asthma (see Appendix D). Interaction term analysis suggested that none of the 
created interaction terms was significant and could modify the effect of variables left in 
the final best-fit regression model.  
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Figure 11. Standard residual deviance distribution against predicted values for childhood 
asthma hospital admissions 
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Figure 12. Standard residual deviance distribution against predicted values for adult 
asthma hospital admissions 
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Unavailable daily data on asthma hospitalizations did not allow us to explore the 
daily or time-lag association between environmental exposure to selected ambient air 
pollutants and hospitalizations for childhood adult asthma. Aggregated data on 
environmental asthma triggers and asthma hospitalizations were used to evaluate the 
association in crude and adjusted analyses. 
Further studies by using daily or selected time-lag data are required to support or 
oppose our study results before final conclusions about the effect of ambient air pollution 
could be drawn. However, our preliminary descriptive data analysis and final study 
results strongly suggest that there are other possible risk factors, which were not included 
in our study and could explain the differences in hospitalization for asthma in the study 
area. Preliminary descriptive analysis revealed wide geographical variation in the spatial 
distribution of asthma hospitalization by area of residence and a consistency of these 
variations over the overall period of study from 1997-1999. Therefore, the next step was 
undertaken to explore local spatial characteristics which could be specific to a selected 
study area or to population groups living in these areas, and could explain geographical 
differences in hospitalization for asthma within the selected area of study.  
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Chapter 2 
 
ASSOCIATION BETWEEN AREA SOCIOECONOMIC STATUS AND 
HOSPITALIZATIONS FOR CHILDHOOD AND ADULT ASTHMA 
 
2.1. Literature Review 
 
Socioeconomic status (SES) is an indicator of an individual’s position in society.37 
Because people live in communities or neighborhoods which share the same social 
milieu, the socioeconomic status can be defined and measured at various levels: the 
individual, the family or household, the neighborhood or local community, and at the 
national level. Measures of the social class of individuals have long been known to 
predict disease incidence, prevalence and mortality, while similar findings for residential 
areas have been reported using socioeconomic data to classify small geographical areas 
by level of socioeconomic deprivation.38 Both individual and small area socioeconomic 
status indicators were shown to be associated with severe asthma attacks and 
hospitalization for asthma. The International Study on Asthma and Allergies in 
Childhood (ISAAC) used individual and area-based socioeconomic status indicators and 
provided evidence that living in an underprivileged area is a significant independent 
predictor of severity and hospital admission for asthma.39 Another study of asthma 
prevalence in relation to both individual and area socioeconomic status concluded that, 
irrespective of individual socioeconomic status by education level and social class, 
persons living in geographical areas with low education level had a significantly higher 
risk of asthma.40 Potential contributing factors could be classified as environmental, life-
style and behavioral, psychosocial (stress-related), and access to health care resources 
related.3 
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The study of area socioeconomic deprivation status and human health has been 
carried out since the nineteenth century.38 Inequalities of health among different social 
classes have persisted since observations began, and virtually every health indicator ever 
examined proved the association with social class.37 In the United States information 
about the relationships among health, income, and use of health-care services is collected 
in the ongoing household interview surveys by the National Center for Health Statistics 
(NCHS). Despite an abundance of cross-sectional studies of area socioeconomic 
disparities in health, the temporal monitoring of specific disease prevalence and mortality 
trends by area socioeconomic characteristics still remains far less common in the US than 
in the UK and other European Union countries.41 Area-based socioeconomic deprivation 
indices have been widely used to analyze and monitor health outcome differentials in 
Europe, Australia, and New Zealand.38,41 The studies that do examine temporal trends in 
disease prevalence and mortality by area-based socioeconomic deprivation or inequality 
measures have usually focused on single area-based socioeconomic measures.41 For most 
diseases displaying a social class gradient, the more disadvantaged individuals and 
households experience higher risk, and this relationship pattern is consistent over time.38 
Socioeconomic status could be classified in many ways and is often expressed on an 
ordinary scale using such criteria as poverty, unemployment, income, education level, 
and occupation.42 Income differences and, more importantly, differences in education 
level and in social values are generally seen between blue-collar and white-collar 
workers. The correlation to health status is sometimes even closer with race than 
socioeconomic status, suggesting that culturally determined behavioral factors may be 
more important than income as determinants of health status. Cultural milieu influences 
health in several ways. Customs, traditions, religious beliefs and practices, health-related 
values and behavior are all very important. Understanding the disproportionate burden of 
and association between socioeconomic status and asthma may provide insight into the 
roots of the asthma epidemic and more effective disease management. 
Asthma differs from region to region, from neighborhood to neighborhood, and 
even from block to block within inner cities. Because asthma is most common among 
low socioeconomic status inner-city population groups,42 it is important to evaluate and 
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define the extent to which racial and ethnic differences are due to social deprivation 
status.42 The poor are a mixed group, comprising persons who are low income, less 
educated, unemployed or marginally employed, and persons receiving subsistence from 
welfare. Previous studies concluded that asthma prevalence, severity of asthma 
symptoms, and asthma morbidity and mortality have substantially higher rates in ethnic 
minority populations living in geographical areas with higher proportion of poverty, 
unemployment, ethnic minority, and low education level.43,44 An important group of poor 
people are single-parent families, elderly and disabled pensioners.42 The support provided 
for such people from public funds or charities is almost always inadequate to meet their 
needs for shelter, food, clothing, and adequate health care. Some are in poor health 
because they are poor, and others are poor because they are in poor health, but for many, 
there is a constantly reinforcing vicious closed circle of ‘poverty-poor health-poverty’.37 
Poor people usually live in poor-quality housing and overcrowded conditions that favor 
the spread of home allergens and respiratory infections and are also socially more 
deprived from local providers of health care services. Low socioeconomic status 
described by poverty, family income, education level, and race/ethnicity (black and 
Hispanic versus white) was also linked to such home environment characteristics as 
direct or second hand parental smoking, poor ventilation, dampness, and home allergen 
levels, and may explain increased asthma morbidity and mortality rates for specific 
population groups.3,45,46,47 Restricted access to health care and reliance only on 
emergency departments for primary care were found to be associated with poor health 
outcomes in both rural and inner-city poverty areas in the US.3,48 Unfortunately, many 
previous studies of asthma prevalence and health care use do not include household or 
family-level indicators of socioeconomic status, and usually are based on clinical samples 
that are not a representative sample of total population at risk.42 
Home allergens seem to have a critical role in the development and exacerbation of 
asthma in inner cities. Allergen sensitization and exposure to allergen vary between 
populations and between socioeconomic strata within population.49 Previous studies 
clearly indicated that levels of sensitization and actual exposure to home allergens could 
be explained by socioeconomic gradient.49,50 Sensitization to house dust mites, 
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cockroach, and cat was found to be a significant risk factor for hospital emergency room 
visits in several previous epidemiological studies.51  Both allergic to cockroach and 
exposed to high levels of cockroach allergens had significantly higher asthma 
hospitalization rates, more unscheduled annual medical visits for asthma, more missed 
school days, more days with wheezing and more nights with disturbed sleep compared 
with other children. The National Co-operative Inner-City Asthma Study (NCICAS) 
covered eight major inner city areas to evaluate prevalence of atopy and environmental 
allergen exposure.51  The NCICAS concluded that most inner-city children with asthma 
are sensitized and exposed to multiple allergens and highly exposed to environmental 
tobacco smoke.51,52 In addition, neither increased exposure to cockroach allergen, nor 
allergy to cockroach alone, was shown to be associated with greater morbidity in the 
aforementioned study.  
The major indoor allergens of relevance are dust mite, cockroach, cat, dog, and less 
commonly molds and other furry pets or rodents.3 Many previous studies have found 
multiple allergens in homes, and multiple sensitivities to main allergens among residents 
with asthma.3 Case-control studies of adults in Wilmington, Delaware, and children in 
Atlanta, Georgia, revealed that subjects presenting with acute asthma exacerbations were 
substantially more likely than non-asthmatic controls to have multiple sensitivity to 
indoor allergens (cockroach, dust mite, or cat) and were more likely to have significant 
exposure to that allergen in their homes.3 In the latter study, asthmatic patients were 
exposed to high concentrations of home allergens: 79% of home dust samples contained 
excessive mite allergen, and 87% of samples contained excessive cockroach allergen 
levels.  In the same study, asthmatic children were more sensitive to the allergens – 69% 
percent had elevated IgE antibody to dust mite, cockroach, or cat, compared with only 
27% of controls. 21 out of 35 asthmatic children were sensitive to and exposed to the 
specific allergen at home, compared with only 3 out of 22 control children (odds ratio 
was equal to 9.5, p<0.001). Previous studies found that increased sensitization to 
cockroach, dust mites, and cat is a significant risk factor for severity of asthma and 
emergency room visits by other studies.3,51 
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Sensitization to cockroach and high cockroach allergen levels in inner-city ethnic 
minority children population received particular attention during the last few decades.  
Based on previous studies, high-poverty areas are at lower risk of house dust mite 
allergen, but are the most important indicators of high cockroach allergen levels.46,53 
Asthma morbidity and mortality in the inner-city lower socioeconomic status ethnic 
minority population was significantly associated with higher sensitization and exposure 
to cockroach allergen levels.54 In the National Cooperative Inner-City Asthma Study,47 
children from eight major inner city areas in the country were assessed for atopy and 
environmental allergen exposure. Children allergic to cockroaches and exposed to high 
levels of cockroach allergens had 3.6-fold higher asthma hospitalization rates, more 
unscheduled medical visits for asthma per year, significantly more missed school days, 
more days of wheezing and nights with disturbed sleep compared with other children.51 
Because higher cockroach allergen levels are more likely to be present in dwellings 
located in high population density areas and occupied by low-income and low education 
level ethnic minority families, it is very difficult to disentangle the role of individual 
socioeconomic factors in producing high cockroach levels.53 The two most common dust 
mite allergens, Der p1 and Der p2, are both very potent. Direct inhalation causes an 
immediate fall in forced expiratory volume in 1 second (FEV1) and late-phase response in 
sensitive asthmatics.3 The prevalence and severity of dust mite allergens differs from 
region to region, and most homes in regions with high humidity throughout the year may 
have high levels of dust mite allergens. Exposure to dust mite allergens may be high in 
some geographical areas where human crowding, older carpeting, bedding, and 
upholstered furniture, and high indoor humidity caused by poor ventilation and leaking 
pipes provide excellent conditions for mite proliferation.3 Specific IgE testing has shown 
that as many as 22% of asthmatic children test positive for home pet allergen.3 Higher 
household income, higher maternal education level, living in a single-family home in a 
less populated area and less overcrowded housing conditions, and being a white 
householder were associated with elevated dust mites, cat, and dog, but low cockroach 
allergen levels.3, 27 Sensitization to certain pet allergens has a more important role in the 
ongoing bronchial reactivity with mild-to-moderate asthma.3 An unwanted infestation 
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with mice and rats describes many low socioeconomic status inner-city residence areas. 
Like pet allergens, rodent hair, urine, and fecal allergens are very difficult to remove even 
after eradication of the pests. Previous studies have shown that sensitization and exposure 
to rodents can make asthma worse. Epidemiological studies within scientific laboratories 
with rodents showed increase in asthma symptoms and decreased respiratory function 
among workers who handled rats.3 Other studies have also shown a positive association 
between rodent allergy and asthmatic symptoms.3 However, little is known about 
residential exposure to rodent allergens and its impact on asthma morbidity at the place of 
residence.3 Excessive humidity and dampness welcomes pests into the home and also 
causes growth of mold and fungi.3 Mold spores are ubiquitous both in outdoor and indoor 
environment air. Available evidence suggests that sensitization to molds mainly occurs in 
people who have a high potential for being sensitized to other common indoor allergens.3  
Although the prevalence of cigarette smoking has declined during the past decade, 
it still remains high in lower socioeconomic status population in inner-city areas in the 
United States.3 Passive exposure to environmental tobacco smoke (ETS) is more common 
in low-income, urban communities than in any other demographic population groups.17 
Knowledge about the adverse health effects of tobacco smoke is relatively low among 
poor and less educated people.3 ETS is a risk factor for the development of asthma in 
early childhood and an aggravating factor that increases morbidity among children who 
already have asthma. Previous prospective cohort studies have demonstrated a dose-
response relationship between the environmental tobacco exposure and the risk for 
asthma and wheezing symptoms in early childhood.3 The evidence suggests that 
environmental tobacco smoke may be a risk factor for early-childhood asthma, but it may 
have a more important role as a trigger to future asthma attacks. Recent comprehensive 
meta-analysis confirmed that second hand exposure to parental smoking is associated 
with increased severity of disease among children with established asthma.3 Viral 
respiratory infections are another risk factor known to worsen already existing asthma, 
but their role in the pathogenesis of asthma and allergy still remains unclear.3 Increased 
asthma prevalence and severity seen among low socioeconomic status inner-city children 
could be also partially explained by restricted access to health care which subsequently 
 69
results in less antibiotic use and lower vaccination rates.3 Epidemiological studies proved 
that the low socioeconomic status inner-city asthmatic population experiences more 
difficulty in managing their asthma for a variety of reasons, including lack of health care 
insurance, limited access to high-quality primary health care, lack of knowledge and 
understanding of asthma, the psychosocial stress of living in an urban area, and lack of 
family and community support.3 In addition, low socioeconomic status inner-city 
communities with specific high rates of asthma morbidity have relatively low use of anti-
inflammatory asthma medications.3   
There is limited descriptive epidemiological understanding of asthma at the state 
and local levels.14 Despite its importance, there is minimal surveillance of asthma across 
the country, and no comprehensive surveillance system has been established that 
measures asthma trends at the state or local level.2,14 Such information however is needed 
to identify specific high-risk populations and to design and evaluate further preventive 
interventions. Asthma is a highly prevalent chronic disease that affects the quality of life 
of many people of all age groups, different race, and both genders in the United States. 
Implementation of better state and local surveillance networks could increase 
understanding of this disease and contribute to more effective prevention strategies. 
Despite currently available advanced asthma medications, widely disseminated asthma 
care guidelines, asthma education and case-management programs, and growing 
knowledge about environmental and lifestyle factors that aggravate disease, excess 
asthma morbidity in low-income socioeconomic deprived inner-city communities still 
remains a major public health problem in the United States.  
Many scientists are puzzled by the recent increase in asthma morbidity and 
mortality.48 The major role of genetics in predisposition to airway hyper-reactivity in 
people with asthma is supported by previous twin and genetic linkage studies. However, 
since changes in the genetic make-up of individuals occurs over generations, the rapid 
increase in the prevalence of asthma during the last decade suggests that changes at the 
genetic level are unlikely to be the cause.48 Some of this increase in the prevalence of 
asthma may be due to increased recognition and diagnosis of the disease given greater 
awareness of the pathophysiology of asthma, and recent changes in guidelines for the 
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clinical signs and symptoms associated with the disease by the National Heart, Lung, and 
Blood Institute.48 However, these factors are also unlikely to account for all of the 
increase in prevalence of asthma. Monitoring of environmental exposures related to 
asthma is usually restricted to the investigation of acute clusters of asthma symptoms or 
occupational exposures. Few biomarkers of exposure have been developed to indicate 
exposure to environmental or occupational factors. However, we are still unable to 
determine whether the consistent increase in asthma is due to an increase in 
environmental air pollution levels. Urbanization has increased our exposure to 
environmental allergens and irritants. Psychosocial factors that cause us to spend more 
time indoors and poor overcrowded conditions may also lead to increased exposure to 
indoor pollutants and allergens.48 Socioeconomic status indicators and social status 
described by race are powerful predictors of disease at both the individual and ecological 
small-area level.38,46 In a complex way social factors and living conditions seem to 
influence different risk factors and have to be considered as potential confounders or 
effect mediators in the analysis of disease risk factors and risk of atopic disease.46 
Sources of industrial pollution tend to be located in relatively more disadvantaged 
socioeconomic status inner-city areas, characterized by poor housing, low income and 
high unemployment.46 Local variation in the socioeconomic status may be large within 
geographical areas and consistent with the hypothesis of environmental risk. Under these 
circumstances, there is marked potential for confounding in small-area analyses near 
local sources of higher environmental exposure.46 Socioeconomic status is likely to 
confound (usually in a positive direction) the relationship between disease and proximity 
to a point source of environmental exposure, and may bias the association between 
environmental exposure to ambient air pollution and asthma.38 Therefore, a critical 
comparison of the known and possible risk factors contributing to the exacerbation of 
asthma is needed to develop more effective preventive interventions that could reduce the 
disparities by the poor and ethnic minorities and could modify current asthma morbidity 
and mortality trends.  
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Hypothesis 
 
Area socioeconomic deprivation status is associated with severe exacerbations and 
hospitalizations for childhood and adult asthma, and could be used as an independent 
predictor variable to predict asthma hospital admission rates in a given area.   
 
The aim of the study was (1) to evaluate the association between hospital 
admissions for childhood and adult asthma and various area socioeconomic status 
indicators, and (2) to ascertain which significant area socioeconomic status characteristics 
could be retained in the complex multidimensional area socioeconomic deprivation index 
and could be used to predict asthma hospital admission rates in a given area. 
 
Study objectives 
 
1. Explore the association between various area socioeconomic status indicators and 
hospital admissions for childhood and adult asthma; 
2. Ascertain principal significant components of area socioeconomic status, and to 
develop a complex multi-dimensional area socioeconomic deprivation index; 
3. Evaluate existing opportunities and limitations of advanced spatial data analysis 
techniques for environmental exposure assessment in ambient air pollution and asthma 
epidemiological studies;  
4. Evaluate the association between hospital admissions for childhood and adult 
asthma environmental exposure to selected criteria ambient air pollutants controlling for 
area socioeconomic status characteristics and composite area socioeconomic deprivation 
index; 
5. Develop best-fit predictive regression model of hospital admission rates for 
childhood and adult asthma based on area socioeconomic deprivation status, and to 
evaluate the accuracy of model prediction through standard statistical regression model 
validation procedures by using independent data outside of the study area.  
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2.2. Methodology 
 
2.2.1. Study Design 
 
A population-based cross-sectional study was conducted to evaluate the association 
between asthma hospitalizations and local environmental exposure to selected criteria 
ambient air pollutants and diverse area socioeconomic status characteristics. Comparative 
cross-sectional studies were designed to evaluate the association in separate consecutive 
years in 1997, 1998 and 1999. The study area covered a total of 44 postal zip code areas 
in Hillsborough County, FL. The zip code areas were coded by five-digit number 
according to standard definitions and codes developed by the U.S. Bureau of the Census. 
The State of Florida Agency for Health Care Administration (AHCA) Hospital Inpatient 
Discharge Dataset was used to identify all asthma hospital admissions of patient by 
geographical area of residence living in Hillsborough County, FL, during the period of 
1997-1999. Asthma diagnosis and disease coding were based upon the International 
Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM).55 The 
principal codes of ICD-9-CM for asthma were 493.0-493.9. There were a total of 1712 
hospital admissions for asthma as a principal diagnosis reported in Hillsborough County, 
FL, in 1999. A total of 781 children younger than 15 years of age and 931 adults of 15 
years of age and older were admitted to the hospital with severe asthma in 1999. There 
were a total of 729 hospital admissions for males and 983 hospital admissions for females 
respectively. There were a total number of 1677 and 1406 hospital admissions, including 
774 and 549 childhood asthma hospital admissions, in 1997 and 1998 respectively. Each 
single hospital admission record was linked to the patient’s postal zip code area of 
residence. The number of annual hospital admission varied from 2 hospitalizations in the 
postal zip code area 33572 to 118 hospital admissions for asthma in the postal zip code 
area 33610 in Hillsborough County, FL, accordingly. The postal zip code area of 
residence was the main geographical unit of data analysis and was used to calculate crude 
hospital admission rates for childhood and adult asthma. Previous comparative crude and 
adjusted (standardized) asthma hospital admission rates by age, gender and race analysis 
 73
concluded that calculated crude rates are not confounded by specific area demographic 
characteristics (see 1.3. Results, Chapter 1, p.31). 
 
2.2.2. Environmental Exposure Assessment 
 
Exposure to air pollutants can be monitored at different levels. The different 
strategies for environmental exposure measures can be listed in order of increasing 
accuracy as: qualitative (categorical) assessment of exposure that distinguishes between 
relatively high and low exposure; fixed geographical location concentration 
measurements and continuous monitoring; multi-microenvironment quality assessment 
and concentration measurements including time activity pattern information; personal 
exposure monitoring; and biological monitoring using biological exposure indicators.38 
Ideal studies of air pollution exposure should include biological dose markers or personal 
exposure measurements. Since such measurements are very expensive in a full-scale 
epidemiological study, fixed site measurements, modeled concentrations, or even 
qualitative categorical classifications are more frequently used as exposure information in 
environmental epidemiology. The utilization of data from ambient air quality monitoring 
network sites provides the uniform methodology used for site selection procedures, 
measurements techniques and quality control. Environmental exposure was measured at 
fixed geographical location continuous monitoring stations. Comparable standard 
measurements become widely available from many different areas, towns and cities, 
which makes it possible to develop predictions for other populations based on available 
environmental exposure data.  
Environmental exposure to ambient air pollution must be considered in the 
epidemiology of many diseases, and is also a very important determinant of the quality of 
life of specific sensitive population groups. Although the degree of human exposure 
differs from one location to another, the levels of environmental pollution were shown to 
be geographically distributed and spatially correlated.18,38 Environmental exposure can be 
seen as the result of the intersection of two separate sectors: (1) environmental pollution 
and (2) exposed individuals or specific population groups (Figure 13).38 
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Pollution emissions differ and can be separated into chemical, particulates, and 
microorganism exposures. Each is derived from a wide range of both point and non-point 
sources and each also can be characterized by different properties of mobility and 
persistence. Because of this complexity, mapping of exposure is clearly a challenging 
task and requires the ability to model the magnitude and distribution of exposure on the 
basis of other evidence. 
 
Figure 13. Description of various sectors of environmental exposure 
 
The modeling of geographically restricted point-site measurements of 
environmental exposure can be carried out at various levels of abstraction:38 
(1) Integrated modeling – the modeling and mapping of actual levels of exposure by 
intersecting geographical models of pollutants and population distribution; 
(2) Concentration mapping – the modeling and mapping of the levels of pollutant in 
the environment (without regard to human distribution); 
(3) Dispersion modeling – the modeling and mapping of pollution dispersion from 
sources; 
(4) Emission mapping – the assessment and mapping of levels of emission or 
release of contaminants at source.  
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Geographical Information Systems (GIS) plays a crucial role in community health 
studies by efficient management of very large volumes of information and integration of 
data from a variety of information sources. By the use of spatial analysis, the original 
data can be transformed into more useful data sets and data layers of value-added 
information. Through map overlay and spatial modeling one can evaluate the relationship 
between disease incidence rates within a given population and sources of environmental 
exposure in order to generate and evaluate etiologic hypothesis. Direct linkage of human 
exposure to certain environmental factors and diseases such as cancer, reproductive 
dysfunction, chronic neurodevelopment disorder, acute myeloid leukemia, multiple 
myeloma, and dysfunction of the immune and endocrine systems was established 
previously.38, 57 Several studies conducted in the last decade have used proximity to 
traffic flow as a proxy for exposure to traffic exhaust. Review of previous studies 
disclosed existing association between more intensive traffic flow with increased risk of 
childhood hospital admissions for respiratory symptoms, decreased lung function, and 
childhood asthma.57 GIS has been shown to be an essential tool for analysis and modeling 
of spatial environmental and socioeconomic data.   
Environmental quality measurements typically occur either as detailed 
measurements for specific sampling and monitoring sites (e.g. air or water quality 
monitoring sites) or as a more general classification for mapped areas (e.g. soil type). It is 
also apparent that human exposure to environmental pollution is often local and specific, 
and data on human distributions are, in many cases, confined to relatively generalized 
aggregations (e.g. population census statistics). Thus, mapping of environmental 
exposure for ambient air pollution and asthma epidemiological studies depends crucially 
upon the ability to model spatial distribution and relies upon methods of:38 
(1) Spatial interpolation – prediction of environmental exposure to ambient 
air pollution at unmeasured locations from available measured data for surrounded 
locations; 
(2) Spatial extrapolation – the estimation of environmental exposure to 
ambient air pollution at locations beyond the surveyed geographical area. 
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Techniques of spatial modeling and interpolation are fundamental to concentration 
mapping and spatial analysis. To undertake spatial interpolation analysis requires a sound 
knowledge both of the nature of spatial data, and of the nature of spatial variation in the 
environment. Very often environmental quality data refer to point locations: they 
represent results of routine point measurements at specific ambient air pollution 
monitoring network sites, analyses and observations at randomly or systematically 
chosen sample points, or data relating to specific point estimate features (e.g. emissions 
from chimneys). Therefore, to use environmental quality data, it is frequently necessary 
to estimate unknown local environmental conditions and more precise spatial distribution 
by interpolating limited sample measurements of environmental pollution. Many of the 
point measurements available refer to very precise locations, and very often give only 
limited geographical area coverage and to be able to use the environmental exposure data 
there is the need to interpolate or extrapolate them to wider geographical areas and to 
predict unknown values between limited known sample site measurements.  
Interpolation predicts values from a limited number of sample data points. Visiting 
every location in a study area to measure the concentration or magnitude of an 
environmental phenomenon is very often difficult and expensive. Instead, strategically 
dispersed sample input point locations can be selected and predicted values can be 
assigned to all other locations in the study area. The common spatial analysis techniques 
used for interpolation in Geographical Information Systems (GIS) ArcView software 
version 3.1 with Spatial Analyst version 1.1 extension are as follows: 
(1) Spline Interpolation; and  
(2) Inverse Distance Interpolation. 
The main assumption that makes interpolation a viable option is that spatially 
distributed objects are also spatially correlated and have similar characteristics in the 
same geographical area. The values of points close to sampled points are more likely to 
be similar than those that are far apart. A typical use for point interpolation is to create a 
spatial elevation surface from a set of sample point measurements. Spline Interpolation 
estimates values using a mathematical function that minimizes overall surface curvature, 
resulting in a smooth surface that passes exactly through the input points. The method is 
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best for geographically varying surfaces, such as surface elevation or slope. Inverse 
Distance Interpolation uses geostatistical methods that include autocorrelation and 
measure of the statistical relationship among the measured sample points. Inverse 
Distance Interpolation also weighs surrounding measured point values to derive a 
prediction for an unmeasured location, and the weights are based not only on the distance 
between the measured points and the prediction of location, but also on the overall spatial 
arrangement among the measured points and their values. Hillsborough County, FL, has 
relatively smooth and without significant geographical surface variations. The Inverse 
Distance Interpolation method was selected for spatial analysis and modeling of 
environmental exposure to ambient air pollutants. The interpolated average selected 
criteria air pollutant concentrations in each postal zip code area were used to stratify the 
total study area and create relatively high and low categories (strata) areas of 
environmental exposure to specific ambient air pollutant in Hillsborough County, FL, 
1999. The cut-off point value to define relatively high and low environmental exposure 
residency areas was defined by arithmetic average mean value of measured ambient air 
pollutant concentrations over the total study area in Hillsborough County, FL, in 1999.  
The ambient air pollution data was obtained from the Aerometric Information 
System (AIRS) database maintained by the US Environmental Protection Agency (US 
EPA). The environmental exposure to such criteria ambient air pollutants as respirable 
particulate matters (PM10), sulfur dioxide (SO2), and ozone (03) in Hillsborough County, 
FL, in 1999, was evaluated from the AirData air quality monitoring program dataset 
coordinated by the Division of Air Resources Management of the Florida Department of 
Environmental Protection as part of the US EPA AIRS database 
(www.dep.state.fl.us/Air/publications/techrpt/amr.htm).58 Ambient air quality standards 
and standard measurement procedures used for continuous monitoring of air quality by 
selected criteria ambient air pollutants were described previously in the Study Design 
section (see Methodology, Chapter 1, p. 32).  
Geographic Information Systems Spatial Analyst 1.1 version software and Inverse 
Distance Weighted interpolation techniques were used to estimate average annual 
exposure by ambient particles, sulfur dioxide and ozone by separate zip code area of 
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residence in Hillsborough County, FL, in 1997, 1998, and 1999 respectively. Additional 
point-site measurement monitoring stations located in the adjacent counties were 
included to increase the accuracy of predicted average ambient particle exposure over the 
study area. Adjacent Pinellas (4), Manatee (1) and Polk (1) Counties, FL, have added 
additional 6 continuous measurements monitoring stations. The average annual particle 
concentrations at total 15 monitoring sites were used for spatial interpolation to predict 
the average environmental exposure to PM10 in different zip code areas in Hillsborough 
County, FL, in 1997, 1998, and 1999 respectively. Relatively high and low 
environmental exposure category areas were defined to calculate asthma hospital 
admission rate ratio attributable to the geographical areas of residence with relatively 
higher exposure to ambient pollution. The association between environmental exposure 
to main criteria ambient air pollutants and asthma hospital admission rates was evaluated 
by comparing environmental exposure and asthma hospitalization rates in relatively 
higher and lower exposure to ambient air pollution category residency areas.  
Adjacent Pinellas (4), Manatee (1) and Polk (2) Counties, FL, have added additional 
7 continuous measurements monitoring stations. The average annual ozone 
concentrations at total 14 monitoring sites were used for spatial interpolation to predict 
the average environmental exposure to SO2 in separate zip code areas in Hillsborough 
County, FL, in 1999. Relatively high and low SO2 exposure category (stratum) areas were 
defined to calculate asthma hospital admission rate ratio attributable to the geographical 
areas of residence with relatively higher exposure to ambient particles.   
Additional adjacent to our study area point-site measurement monitoring stations 
were included in the interpolation model to increase the accuracy of predicted average 
ambient ozone exposure over the study area. Adjacent Pinellas (3), Pasco (1), Manatee 
(4) and Polk (2) Counties, FL, have added additional 10 continuous measurements 
monitoring stations. The average annual ozone concentrations at the total of 14 
monitoring sites was used for spatial interpolation to predict the average environmental 
exposure to O3 in separate zip code areas in Hillsborough County, FL, in 1999. Relatively 
high and low environmental ozone exposure category areas were defined to calculate 
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asthma hospital admission rate ratio attributable to the geographical areas of residence 
with relatively higher exposure to ambient particles.   
 
2.2.3. Socioeconomic status indicators 
 
There is little disagreement about measures of socioeconomic status represented by 
educational attainment, occupation, income, wealth, social class, and social status or 
prestige at the individual level.40,41 However, there is no consensus on the specific 
variables that compromise the socioeconomic status of small geographical area of 
residence as a composite and multidimensional descriptive index.38,41 Previous studies 
suggested that indicators defining small-area socioeconomic status should directly or 
indirectly reflect the normative value, social good, or social welfare in a given 
community.41 Previous studies also concluded that, irrespectively of individual 
socioeconomic status, persons living in the geographical areas with low socioeconomic 
status had a significantly higher risk of asthma.40  
The socio-economic differentials used to identify the common area socioeconomic 
status indicator has been studied since the nineteenth century.38 Over the past three 
decades, a number of standardized complex indices have been developed to measure 
socio-economic variation across small geographical areas. Indicators for constructing an 
area socioeconomic index may be drawn from the broad sub-domains of education, 
income, employment, housing, and transportation.38,41 Household indicators of socio-
economic status include family income, overcrowding, lack of basic amenities, restricted 
access to a car, single-parent families, elderly people living alone, mobility and migration 
of householders, and housing tenure.3,38 Specific individual characteristics of the head of 
household, such as occupation, ethnicity, or education, are also used to classify the entire 
household.38 Some socio-economic factors are most naturally measures only at the level 
of neighborhoods or local communities rather than of individuals: examples include 
housing stock, educational opportunities, employment, and access to health care.   
A total number of 20 social and economic indicators that may be viewed as roughly 
approximating both absolute and distributive aspects of living conditions and 
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socioeconomic disadvantage status in a given community were considered in the study. 
Selected indicators were drawn from the US Bureau of Census 2000 (www.census.gov, 
2004) and included: (1) percentage of people living below poverty level; (2) percentage 
of unemployment; (3) percentage of persons with education level of ninth grade or less 
education as the highest degree of school completed; (4) percentage of householders with 
the average annual income of or less than $15,000; (5) percentage of persons employed in 
professional, managerial, administrative, and clerical positions (white-collar occupation 
employees); (6) percentage of unskilled persons; (7) percentage of householders moved 
during the last year; (8) percentage of households with overcrowding conditions (over 
one person per room); (9) percentage of divorce rate; (10) percentage of single parents 
with children; (11) percentage of elderly population of 65 years and older; (12) 
percentage of children population of 5 years and younger; (13) percentage of black 
persons; (14) percentage of ethnic minority as a head of household; (15) percentage of 
houses heating by fuel oil, kerosene, gasoline and other combustible liquids; (16) 
percentage of houses heating by wood; (17) percentage of houses heating by gas; (18) 
percentage of houses built in 1960 or before; (19) percentage of houses lacking kitchen 
and/or plumbing facilities; (20) percentage of families with no access to vehicle (no 
automobile ownership). All of the above mentioned variables were selected based 
primarily on the basis of their theoretical relevance and prior empirical research study 
results.38,41 The selected socioeconomic indicators were chosen so as to broadly represent 
educational opportunities, labor force skills, and housing conditions prevailing in the 
study area. Taken together, these variables may be viewed as reflecting key 
socioeconomic resources and socioeconomic deprivation status within a study 
population.41 
 The zip code areas of permanent residence boundaries were used to define and 
group geographical areas with the same socioeconomic status category (stratum) into 
low, medium and high socioeconomic deprivation status areas. Different socioeconomic 
status areas were defined and stratified into separate categories according to 50% 
percentiles and tertiles (33% and 66% percentiles) based on total data distribution and 
variance as a selected cut-off point values. Socioeconomic status categories were divided 
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into three (high, medium and low) or two (high and low) strata by establishing an average 
cut-off point at 33rd and 66th or 50th percentiles respectively. Selected socioeconomic 
status indicators and defined socioeconomic status categories (strata) were used in further 
stratified area analysis to evaluate socioeconomic confounding effect on the association 
between environmental exposure to ambient air pollution and asthma hospital admissions 
within separate socioeconomic deprivation categories. Crude and adjusted rate of 
childhood and adult asthma hospital admission ratios were compared to evaluated 
possible confounding effect and effect modification (interaction effect) within selected 
socioeconomic strata.  
The household income statistics included the income of the householder and all 
other individuals 15 years old and over in the household, whether they are related to the 
householder or not, and represented calendar year 1999. Because many households 
consist of only one person, average household income is usually less than average family 
income. In compiling statistics on family income, the incomes of all members 15 years 
old and over related to the householder were summed and treated as a single amount. Per 
capita income, the mean income computed for every man, woman, and child in a 
particular group, was derived by dividing the total income of a particular group by the 
total population in that group. Higher family income represents the relative affluence and 
wealth of communities. The overall poverty status of families and unrelated individuals 
living in a particular household in 1999 was determined using 48 thresholds (income 
cutoffs) arranged in a two dimensional matrix.56 The matrix consists of family size (from 
1 person to 9 or more people) cross-classified by presence and number of family 
members under 18 years old (from no children present to 8 or more children present). 
Unrelated individuals and 2-person families were further differentiated by the age of the 
reference person (under 65 years old and 65 years old and over). If the total income of 
that person's family was less than the threshold appropriate for that particular family, then 
the person was considered poor, together with every member of his or her family. If a 
person was not living with anyone related by birth, marriage, or adoption, then the 
person's own income was compared with his or her poverty threshold. Poverty measures 
extreme aspects of material deprivation in a given community. Besides poverty, income 
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disparity measures the uneven distribution of economic resources. Data on educational 
attainment were derived from answers to long-form questionnaire and was tabulated for 
the population 25 years old and over. People were classified according to the highest 
degree or level of school completed. The percentage of people who completed only 9th 
grade or less was included into the analysis of socioeconomic status indicators. 
Geographical areas with lower rates of education achievement may have limited 
economic opportunities in terms of availability of jobs, reduced demand for skilled labor, 
and fewer resources like schools of higher education. All civilians 16 years old and over 
were classified as unemployed if they were not "at work", were looking for work, and 
were available to start a job during the last 4 weeks. Also included as unemployed were 
civilians 16 years old and over who: did not work at all during the reference week, were 
on temporary layoff from a job, had been informed that they would be recalled to work 
within the next 6 months or had been given a date to return to work, and were available to 
return to work during the reference week, except for temporary illness. Examples of job 
seeking activities were: registering at a public or private employment office; meeting 
with prospective employers; investigating possibilities for starting a professional practice 
or opening a business; placing or answering advertisements; writing letters of application; 
being on a union or professional register. The unemployment rate is an indicator of social 
disintegration and is associated with higher suicide rates. The Census 2000 classification 
of occupations was based on the 1997 North American Industry Classification System 
(NAICS) published by the Office of Management and Budget, Executive Office of the 
President.56 White-collar occupation employers were persons employed in professional, 
managerial, administrative, and clerical positions. Such jobs may imply higher wage 
rates, more stable labor markets, and a greater presence of large, profitable, high 
technology, and capital intensive industries.41 Unskilled persons included persons with 
high school education, but without further professional education or training acquired. 
Householder movement during the last year usually represents social instability of 
householder and all individuals related to household. Household overcrowding usually 
indicated poor environment and lower income. Overcrowding was defined as one person 
or more per room living in the household. Divorce rates and single parents with children 
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reflected family status and are associated with social deprivation status of households. A 
higher percentage of single-parent households with young children is generally associated 
with greater economic deprivation. Similarly, divorce rate, generally an indicator of 
social disintegration, may reflect social disadvantage to the extent that is associated with 
higher rates of poverty, unemployment, inadequate housing, and declines in social 
network relationships.41 Children under 5 years and the elderly population of 65 years 
and older were additional area socioeconomic status indicators used in the study to 
represent these specific groups in the study area. Lack of access to a vehicle reflects 
socioeconomic disadvantaged status of householder and family members. Lack of access 
to automobiles represents economic deprivation as well as transportation difficulties, 
whereas overcrowding and lack of kitchen and/or plumbing facilities reflect substandard 
housing and indoor environment conditions. Black person and ethnic minority head of 
household were indicators of social status closely related with specific cultural and 
behavioral factors which could explain especially high asthma hospitalization rates in 
these specific population subgroups. Type of fuel used for house heating indicates 
environmental exposure to indoor air pollutants especially to volatile organic compounds, 
which are well-known triggers for asthma and are more prevalent in houses that are 
heated by oil fuel, kerosene and other combustible liquids.27 Cooking and heating fuels 
are two major sources of indoor volatile organic compounds (e.g. formaldehyde, benzene, 
acetone, etc.). House age was defined as old if was built in 1960 or before; and together 
with lacking kitchen and plumbing amenities reflects a more deprived and poor indoor 
environment quality because of ineffective air ventilation systems, higher humidity, and 
supportive environment for high indoor mold concentrations and higher home allergen 
and antigen levels. Mold and fungi proliferate in excessive moisture and in high humidity 
indoor environment, especially in the kitchen, laundry or bathroom areas. 
 
2.2.4. Socioeconomic Deprivation Index (SDI) 
 
Previous attempts to develop area socioeconomic indices in the US have included 
such census variables as median household income, percentage of adults with at least a 
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high school or college education, percentage employed in professional or managerial 
occupations, housing tenure, household crowding, unemployment, poverty, single-parent, 
income disparity, automobile ownership and migration.41 Initially originated in the data-
driven approach of disease cluster analysis, different types of area socioeconomic 
deprivation status classification schemes were developed for current scientific research.38 
The Urban Deprivation Index (UDI) and Underprivileged Area (UPA) values were used 
to describe and represent the complex multidimensional community socioeconomic 
deprivation status within the study area. The UDI and UPA scores were calculated for 
each zip code area to evaluate the association with asthma hospital admission rates in the 
area and a possible interaction with environmental exposure to particles, sulfur dioxide, 
and ozone in multiple regression analysis and modeling.  
Underprivileged areas could be characterized by high numbers of patients who are 
thought to increase the workload of the health care providers in a specific geographic 
area.38,59 The eight census-derived underprivileged status indicators along with their 
relative weights are shown in Table 20. Indicators were expressed as percentages and 
were derived for selected zip code areas of residence from the US Bureau of Census 
2000.56  
 
Table 20. Census-derived variables with corresponding standardized relative weights 
contributing to the Underprivileged Area (UPA) score 
 
Area Socioeconomic Status Indicator 
 
 
Relative Weight 
Per cent of elderly living alone 6.62 
Per cent of children under 5 years old 4.64 
Per cent of persons in households with an unskilled head 3.74 
Per cent of unemployed 3.74 
Per cent of persons in households with single parent 3.01 
Per cent of persons living in overcrowded households 2.88 
Per cent of persons who moved house in last year 2.68 
Per cent of persons in households with ethnic minority head 2.50 
 
The British Inner Cities Directorate published an Urban Deprivation Index to assess 
the relative levels of deprivation in local communities.38,59 Urban Deprivation Index has 
three main dimensions of deprivation: social, economic, and housing (Table 21). Urban 
Deprivation Index (UDI) comprised a weighted sum with all weights set to unity. 
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Table 21. Dimensions of deprivation and variables contributing to the Urban Deprivation Index 
(UDI) 
 
Dimension 
 
 
Socioeconomic Variable 
Social Per cent of households with single parents 
Per cent of pensioners living alone 
Economic Per cent of persons unemployed 
Per cent of persons unskilled 
Housing Per cent of households overcrowded 
Per cent of households without amenities 
 
Significant socioeconomic status indicators were selected for the principal 
component analysis based on the significance and magnitude of association between the 
specific socioeconomic status variable and asthma hospital admission rates. Main goals 
of principal component analysis were to reduce a large number of socioeconomic 
variables, select main variables based on relative weight and correlation with the 
principal components factors, and develop a set of socioeconomic deprivation status 
indicators which could be treated as uncorrelated variables. The analysis of the 
significance of developed socioeconomic deprivation index to predict the risk of asthma 
hospital admission rates, and to evaluate the effect of environmental exposure to ambient 
air pollutant while adjusting to community socioeconomic deprivation status were also 
performed.  
 
2.2.5. Data analysis 
 
The statistical data analysis was conducted by using the SAS System V8.2 version60 
and the CDC EPI-INFO 3.2 version61 statistical data analysis software programs. Simple 
descriptive, correlation, stratified frequency table, principal component, and Poisson log-
linear regression analysis techniques were used for data analysis. Simple scatter plots and 
residual deviance analyses were used to explore residuals and to identify outlying or 
extreme cases. DFBETAS values were calculated to compare final fitted regression 
models with and without selected extreme cases (outliers) and to identify influential 
cases. Similar statistical data analyses were used and described in more details in the 
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previous study of the association between hospitalizations for asthma and environmental 
asthma triggers (see 1.2. Methodology, Chapter 1, p. 17).  
Limited point-source data on main criteria ambient air pollutants were interpolated 
and spatially analyzed to calculate average exposure values by using Geographic 
Information System (GIS) ArcView 3.2 version and GIS Spatial Analyst 1.1 version62 
geospatial analysis software programs. GIS ArcView software was used to map 
environmental exposure to selected ambient air pollutants and to represent different 
socioeconomic status areas in relation to asthma hospital admissions for children and 
adults over the overall study area graphically. The socioeconomic deprivation index 
(SDI) construction was performed by applying principal component analysis (PCA) 
techniques and SAS System V8.2 statistical data analysis software.60 PCA was performed 
to reduce a large number of socioeconomic status indicators to a smaller number for 
modeling purposes, and to develop a complex multidimensional area socioeconomic 
deprivation index based on a defined subset of significant indicators associated with the 
principal component factors in the model. Defined set of socioeconomic characteristics 
could be treated as uncorrelated variables as one of the approaches to handle 
multicolinearity and inter-correlation problems in further multiple regression analysis. 
The main objective of principal component analysis is to reduce the original number of 
explanatory variables into fewer composite variables. The ultimate goal is to account for 
the maximum portion of the variance present in the original set of variables with a 
minimum number of composite variables called principal components. There are several 
standard evaluation criteria and most principal component analyses usually use more than 
one of these criteria to decide on the number of principal components to be extracted. The 
Kaiser-Gutmann rule, percentage of variance, and the scree test techniques were used as 
the most common standard techniques in the principal component analysis of selected 
socioeconomic characteristics to determine the number of factors (principal components) 
and to identify significant loadings of selected variables within the main component 
factors. 
The Kaiser-Guttman evaluation could be explained by the “eigenvalues greater than 
one” rule and is available in various statistical data analysis computer software packages. 
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The number of factors (principal components) is extracted based on eigenvalue (variance) 
of selected factors greater than 1.0. The rationale for choosing this particular value is 
based on the assumption that a principal component must have variance at least as large 
or larger than a single standardized original variable. Percentage of variance explains the 
percentage or proportion of the common variance (defined by the sum of commonality 
estimates) that is shared and explained by separate factors. Factors (principal 
components) sharing 75 percent or more of the common variance should be retained. The 
Scree test plots the eigenvalues against the corresponding factors numbers and gives 
visual insight into the maximum number of factors to extract or retain for further 
interpretation. The most important part of the outcome is a matrix or factors loadings. By 
performing the oblique rotation method, the data analysis output includes a factors 
pattern matrix, which represents a matrix of standardized regression coefficients for each 
of the original variables on the factors. A rule of thumb used to evaluate factors is that 
any factor loading described by a standardized regression coefficient of equal to or 
greater than 0.3 in absolute value are considered to be significant and retained. The 
influence and relative weights of each selected socioeconomic indicators in the 
socioeconomic deprivation index was represented by standardized score values. 
Possible confounding and interaction effects were evaluated by using standard 
epidemiology methods.38,63,64,65 Stratified frequency table and multiple regression 
analyses were performed to evaluate possible confounding effect by and interaction of 
socioeconomic status with environmental exposure to ambient air pollution. Stratification 
and multivariate analysis (modeling) analytical tools were used to control for and 
evaluate the confounding effect of socioeconomic status, to assess effect modification, 
and to summarize the association of different predictor variables with risk of asthma 
hospital admissions. Effect modification (interaction) was defined in two different, yet 
compatible ways: (1) based on homogeneity or heterogeneity of effects in stratified 
analysis; and (2) based on the comparison between observed and expected joint effects of 
possible risk factor and third variable in multivariate regression analysis.63,64,65 
Based on the previous simple correlation analysis of socioeconomic status 
indicators and crude asthma hospital admission rates, statistically significant 
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socioeconomic variables were selected for stratified frequency table analysis. Poverty 
status, family income, white-collar occupation, single parent with children, and 
overcrowded housing conditions were main socioeconomic status indicators used to 
define different homogeneous categories (strata) and to evaluate the association between 
environmental exposure to ambient air pollution and asthma within defined 
socioeconomic status category (stratum). Because of a limited number of asthma hospital 
admissions within socioeconomic variable categories we could not evaluate the 
confounding effect and effect modification (interaction) for such geographical area 
socioeconomic status indicators as unemployment, level of education, ethnic minority 
householder, age of house, lacking kitchen and plumbing facilities, and house heating by 
fuel. However, all of these aforementioned area socioeconomic status indicators were 
included in the log-linear multiple regression model to estimate the association between 
asthma hospitalizations and environmental exposure to criteria ambient air pollutants 
controlling for selected area socioeconomic status characteristics. Due to higher 
intercorrelation and multicolinearity among various area socioeconomic status 
characteristics, a standardized complex area socioeconomic deprivation index was 
constructed and used as an independent variable to evaluate possible interaction with 
environmental exposure to selected ambient air pollutants in the multiple regression 
models and accuracy of final fitted regression model prediction to predict childhood and 
adult asthma hospital admissions in the regression analyses.  
Poisson log-linear regression modeling technique was used to develop the best-fit 
log-linear regression model and to predict asthma hospital admissions rates by significant 
explanatory variables. The Poisson best-fit log-linear regression model building and 
analysis techniques were explained in the previous study of the association between 
hospitalizations for asthma and environmental asthma triggers (see Methodology, 
Chapter 1, p. 32). The SAS 8.2 version statistical data analysis software options 
DSCALE (or SCALE= DEVIANCE) or PSCALE (or SCALE= PEARSON) were used in 
the general linear models statement of PROC GENMOD to control the overdispersion.60 
The main outcome variable of interest was the rate of hospital admissions for children 
and adult populations by zip code area of residence. Therefore, the OFFSET option was 
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used to represent children and adult reference population groups in the selected 
geographical area of residence in the multiple regression model. DIST=POISSON or 
DIST=P indicated that the Poisson log-linear regression analysis model was used in the 
generalized linear regression models’ option specified by SAS. Wald 95% Confidence 
Interval values (95% CI) were used to evaluate model parameters. Maximum likelihood 
estimates were used to predict the effect of socioeconomic status and environmental 
exposure descriptive variables in the model. Chi-square statistics and corresponding 
statistical significance estimates by p-value were used for the analysis and further 
interpretation of model parameters.  
DFBETAS estimates were used to evaluate the influence of each outlying case on 
the regression model parameters (coefficients). The detailed analysis of residual deviance 
and selected extreme cases was described in more detail in the previous study of the 
association between hospitalizations for asthma and environmental asthma triggers (see 
Methodology, Chapter 1, p. 32). The DFBETAS estimate by its value indicated whether 
inclusion of a case leads to an increase or a decrease in the estimated regression 
coefficient. A large absolute value of DFBETAS indicates a large impact of the extreme 
case on the regression coefficient. An extreme case was defined as an influential outlier if 
the absolute value of DFBETAS was equal to or more than
n
2 .66  
The final step in the fitted model building procedure is the validation of the selected 
best-fit regression model. Model validation usually involves collection of new 
independent data and checking the model against independent data. The purpose of 
model validation with new data is to explore whether the regression model developed 
from the previous data set is still applicable for the new independent data. The method of 
validation designed to calibrate the predictive capability of the selected best-fit regression 
model was used.66 Selected best-fit model developed from the given data set is chosen, at 
least in large part, because it fits well the original data. A different model in terms of 
predictor variables most likely would be developed by using a different set of random 
data set. During the model development process the error mean square (MSE) will 
underline the inherent variability for future predictions from the selected best-fit model. 
The actual predictive capability of selected model could be evaluated by using the best-fit 
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regression model to predict each case in the new independent data set and to calculate the 
mean of the squared prediction errors (mean squared prediction error estimates, MSPR).  
*
)2)((
n
MSPR YY predii∑ −=  
Where: 
 Yi – value of the response variable in the ith validation case; 
 Yi(pred) – predicted value of the ith validation case; and 
 n* - total number of cases in the validation set; 
The selected best-fit regression model is not seriously biased and gives an 
appropriate indication of the predictive ability of the model if the mean squared 
prediction error (MSPR) is fairly close to error mean square (MSE) based on the 
original model-building data set. Significance of the predictive model was validated by 
using the selected model with independent data to predict hospital admission rates outside 
of the study area. Postal zip code areas of residence (n=44) in Pinellas County, FL, were 
used to calculate small-area socioeconomic deprivation index and to compare both 
predicted and actual hospital admission rates by each zip code area of residence for the 
final best-fit model validation purposes. Both MSPR and MSE were compared to 
ascertain the predictive ability of selected regression model. 
Human subject protection was secured by using non-identifiable personal 
information and by providing adequate security for initial datasets and final data analysis 
results. The study protocol was reviewed and approved by the Institutional Review 
Board, Division of Research Compliance, University of South Florida, on May 28, 2004 
(Protocol No. 102536, see Appendix A). 
 
2.3. Results 
 
2.3.1. Spatial Interpolation 
 
The main study objectives were: (1) to evaluate average environmental exposure to 
selected criteria ambient air pollutants levels by geographical area of residence; and (2) to 
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estimate the association between hospital admissions for childhood and adult asthma and 
environmental exposure to ambient air pollution controlling for residential area 
socioeconomic status in Hillsborough County, FL, in 1997, 1998, and 1999. Three 
separate comparative annual studies were designed to compare estimated association and 
explore the pattern of the association over the period of time. Simple frequency table 
analysis was provided to support the results of correlation association analysis by area of 
residence. Stratified frequency table analysis was conducted to explore possible 
interaction and/or modification effect of area socioeconomic status on the association 
between asthma hospital admissions and environmental exposure to selected criteria 
ambient air pollutants. Only significant selected criteria ambient air pollutants based on 
crude association analysis were used in the stratified analysis. The period of study for 
stratified data analysis represented the year 1999. The overall study area was divided by 
geographical areas of residence into separate relatively high and low environmental 
exposure to ambient air pollution categories (strata). Relatively high and low 
environmental exposure to air pollution areas of residence were defined by estimated 50th 
percentile value as an arithmetic average cut-off point value, and formed two areas of 
relatively high and low environmental exposure categories (strata) within the selected 
study area. The distribution of asthma hospital admissions within separate environmental 
exposure geographical areas of residence and defined categories (or strata) was used to 
evaluate the relative rate ratio of asthma hospitalization estimates attributable to 
relatively high environmental exposure, while adjusting to (controlling for) 
socioeconomic status effect in the stratified analysis. Finally, simple and multiple non-
linear regression models were developed to support previous conclusions and to explore 
in more details the influence of area socioeconomic status on hospitalizations for 
childhood and adult asthma. Multiple regression analysis provided valuable information 
to ascertain which local environmental and area socioeconomic status indicators are 
significant variables to explain and also to predict the increase in asthma hospital 
admission rates by geographical area of residence.  
The Geographic Information Systems (GIS) ArcView 3.2 Spatial Analyst 1.1 
extension was used to develop Inverse Distance Weighted interpolation model and to 
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predict unknown average environmental exposure values of such selected criteria ambient 
air pollutants as coarse particulate matter, sulfur dioxide and ozone by zip code area of 
residence in Hillsborough County, FL, in 1997, 1998, and 1999. Continuous ambient air 
quality by particulate matter, sulfur dioxide and ozone monitoring stations are illustrated 
in Picture 3. 
 
Picture 3. Ambient air quality monitoring network in Tampa Bay, FL, 1997-1999 
 
To conduct original data interpolation and spatial exposure analysis we created 
initial database of ambient air monitoring stations with corresponding average annual 
concentrations by coarse particulate matter, sulfur dioxide and ozone geographically-
coded with decimal degrees coordinates of latitude and longitude transferred from initial 
UTM system coordinates. 
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Particulate matters 
The average annual concentrations by separate ambient air quality monitoring site 
were used as an initial database for spatial interpolation.  
 
Table 22. List of ambient air quality monitoring stations and average annual values for 
PM10, µg/m3, in 1997, 1998, and 1999 
Site No. 
 
Site Name 
 
Latitude 
 
Longitude 
 
PM10, 
µg/m3, 
1997 
PM10, 
µg/m3, 
1998 
PM10, 
µg/m3, 
1999 
057-0030 Tampa City 27.930527 -82.509611 26 27 24 
057-0066 Gibsonton 27.893100 -82.401944 36 32 35 
057-0083 Gardinier Park 27.862166 -82.382500 24 25 24 
057-0085 Eisenhower 27.791055 -82.368305 21 23 20 
057-0095 Gannon 27.921000 -82.401416 28 29 27 
057-1002 DOH 27.946777 -82.451638 28 29 26 
057-1035 Davis Island 27.926472 -82.454833 26 27 25 
057-1068 Gaither School 28.101100 -82.504200 20 21 20 
057-1069 Harbour Island 27.934200 -82.451900 28 30 28 
057-1070 Central Ave. 27.985972 -82.454111 30 30 28 
057-2002 Brandon 27.400300 -82.278600 23 23 22 
081-0008 Holland 27.621305 -82.539472 22 24 24 
103-0012 St. Petersburg 27.783100 -82.659400 25 26 26 
103-0018 St. Petersburg 27.784111 -82.740027 21 23 22 
103-3004 Largo 27.893900 -82.774700 24 26 25 
103-5002 Tarpon Spring 28.088600 -82.701100 21 20 20 
105-0010 Mulberry 27.854500 -82.017694 20 24 22 
105-2006 Mulberry 28.000000 -82.000000 25 25 22 
 
Initial average values for ambient air pollution by particulate matter PM10 at 
different ambient air quality monitoring sites in 1997, 1998, and 1999 are presented in 
Table 22. The prefix 057 represented monitoring sites located in Hillsborough County, 
FL, and the prefix 103 indicated ambient air quality monitoring sites in Pinellas County, 
FL, respectively. To increase the environmental exposure assessment accuracy adjacent 
to the study area monitoring sites were also used for spatial interpolation. There were 2 
monitoring sites (Sites 105-0019 and 10-2006) in Polk County, FL, and 1 ambient air 
quality monitoring site (081-0008) in Manatee County, FL. Interpolated environmental 
exposure concentrations to ambient air pollution by particulate matter by separate zip 
code area of residence in Hillsborough County, in 1997, 1998, and 1999, are presented in 
Table 23.  
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Table 23. Interpolated PM10 concentrations, µg/m3, by zip code area of residence in 
Hillsborough County, FL, in 1997, 1998, and 1999 
Zip Code Count No. Area, ft2 
Conc., µg/m3, 
in 1997 
Conc., µg/m3, 
in 1998 
Conc., µg/m3, 
in 1999 
33510 43 0.0019 27.5 27.9 26.6 
33511 88 0.0039 27.2 27.6 26.4 
33527 162 0.0072 26.4 27.1 25.5 
33534 70 0.0031 23.9 25.0 23.3 
33547 1086 0.0485 24.4 25.9 24.2 
33549 312 0.0139 23.6 24.3 23.0 
33556 228 0.0102 23.5 23.8 22.8 
33565 569 0.0254 25.8 26.5 24.6 
33566 118 0.0053 24.9 25.7 23.4 
33567 324 0.0145 24.7 26.0 24.1 
33569 314 0.014 25.7 26.5 25.0 
33570 293 0.0131 24.3 25.6 24.2 
33572 29 0.0013 23.8 25.1 22.9 
33573 94 0.0042 24.0 25.2 23.2 
33584 111 0.005 27.2 27.8 26.2 
33592 273 0.0122 26.7 27.3 25.6 
33594 119 0.0053 26.5 27.2 25.7 
33598 283 0.0127 24.9 25.9 24.3 
33602 14 0.0006 28.0 29.1 26.6 
33603 21 0.0009 29.1 29.4 27.4 
33604 46 0.0021 28.3 28.7 26.8 
33605 44 0.002 28.2 29.0 26.9 
33606 22 0.001 27.2 28.3 26.2 
33607 55 0.0025 27.2 28.0 25.7 
33609 25 0.0011 26.6 27.6 25.0 
33610 92 0.0041 28.1 28.5 26.9 
33611 29 0.0013 27.0 27.8 25.7 
33612 54 0.0024 26.4 26.9 25.3 
33613 45 0.002 23.7 24.5 23.4 
33614 52 0.0023 27.0 27.7 25.8 
33615 52 0.0023 25.9 26.5 24.9 
33616 23 0.001 26.9 27.7 25.9 
33617 49 0.0022 27.4 27.9 26.3 
33618 39 0.0017 22.3 23.1 22.0 
33619 171 0.0076 28.8 28.8 27.9 
33621 46 0.0021 27.1 27.7 26.2 
33624 66 0.003 22.5 23.3 22.2 
33625 49 0.0022 23.9 24.6 23.3 
33626 69 0.0031 24.0 24.2 23.2 
33629 26 0.0012 26.4 27.4 24.7 
33634 53 0.0024 26.3 27.0 25.2 
33635 46 0.0021 24.8 25.2 24.0 
33637 43 0.0019 27.3 27.8 26.2 
33647 193 0.0086 26.1 26.7 25.1 
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The total study area was divided into relatively high and low environmental 
exposure category (stratum) areas. Relatively high and low exposure areas of ambient air 
pollution by particulate matters with a diameter of less or equal to 10 microns (PM10), 
sulfur dioxide (SO2) and ozone (O3) were defined by the 50th percentile of total 
concentrations distribution as an average cut-off point value. Distribution of ambient 
particles pollution over the study area in 1997, 1998, and 1999 is illustrated below in 
Pictures 4-6. 
 
 
Picture 4. PM10 concentrations, microg/m3 in Tampa Bay, FL, in 1997 
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Picture 5. PM10 concentrations, microg/m3, in Tampa Bay, FL, in 1998 
 
Picture 6. Interpolated PM10 concentrations, microg/m3, in Tampa Bay, FL, in 1999 
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The average annual concentrations for particulate matter by geographical area of 
residence varied from minimum concentration of 22 µg/m3 to maximum value of 28 
µg/m3 over the study area in Hillsborough, FL, in 1999 (see Picture 7).  
 
 
Picture 7. PM10 concentrations by postal zip code area of residence, microg/m3, in 
Tampa Bay, FL, in 1999 
 
Relatively low average annual environmental exposure to particulate matters with a 
diameter of less or equal to 10 microns (PM10) areas included postal zip code 
geographical areas of residence with an average annual concentration of equal or more 
than 22 µg/m3 but less than 25 µg/m3 (see Picture 8).  
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Picture 8. Relatively high and low average annual environmental exposure to particulate 
matter category (stratum) areas in Hillsborough County, in 1999 
 
Relatively high environmental exposure to particulate matters areas included and 
covered postal zip code areas of residence with average annual concentration of equal to 
or more than 25 µg/m3 and less than or equal to 28 µg/m3 respectively. Crude rate ratio of 
adults and children asthma hospitalizations was respectively 1.5 and 1.8 times higher in 
the high environmental exposure to ambient particulate matter category (stratum) areas 
(see Tables 24 and 25).  
Pearson correlation analysis revealed strong significant association between average 
coarse particulate matter pollution and crude asthma hospitalization rates by zip code area 
of residence for both adults (correlation coefficient r=0.48, p<0.001) and children 
(correlation coefficient r=0.53, p<0.001) population groups in 1999. 
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Table 24. High and low environmental exposure to coarse particulate matter categories 
(strata) and adult asthma hospital admissions within separate category (stratum) 
Environmental exposure 
categories  
Adult asthma 
hospitalization  
Total adult 
population 
Rate Ratio 
(95% CI) 
Crude Rate 
per 10,000 
High environmental 
exposure to PM10 (25-28 
µg/m3) 
659 486,254 
 
RR=1.5 
(1.33-1.77) 
13.55 
Low environmental 
exposure to PM10 (22-25 
µg/m3) 
272 308,104 
 
RR=1   8.83 
Total 
 
931 
 
794,358 
 
 
 
 
 
Table 25. High and low environmental exposure to coarse particulate matter categories 
(strata) and children asthma hospital admissions within separate category (stratum) 
Environmental exposure 
categories 
Children asthma 
hospitalization  
Total children 
population 
Rate Ratio 
(95% CI) 
Crude Rate 
per 10,000 
High environmental 
exposure to PM10 (25-28 
µg/m3) 
591 
 
136,577 
 
RR=1.8 
(1.5-2.1) 
43.27 
Low environmental 
exposure to PM10 (22-25 
µg/m3) 
190   78,920 RR=1 24.08 
Total 
 
781 
 
215,497  
 
 
 
Single non-linear regression analysis results supported our frequency table 
calculations. Poisson log-linear regression analysis revealed that environmental exposure 
to ambient particles is a significant factor to explain the increase in hospital admissions 
for adult (p<0.001) and childhood asthma.(p<0.001). Similar trend of significant 
association between asthma hospitalizations and ambient particles was shown in the 
comparative analysis of data by geographical area of residence in 1997 and 1998. There 
was strong statistically significant association between ambient particles and 
hospitalizations for childhood (r=0.53, p<0.001) and adults asthma (r=0.59, p<0.001) in 
1997. Correspondingly, there was also shown significant relationship between particulate 
matter and hospital admissions for childhood (r=0.45, p<0.001), and adult asthma 
(r=0.55, p<0.001).  
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Sulfur dioxide (SO2) 
The average annual sulfur dioxide concentrations by separate ambient air quality 
monitoring site were used as initial database for spatial interpolation. Initial average 
values for ambient air pollution by sulfur dioxide at separate ambient air quality 
monitoring sites are presented in Table 26. 
 
Table 26. List of ambient air quality monitoring stations for SO2, ppb, and average 
annual values in 1997, 1998, and 1999 
 
Site No. 
 
Site Name 
 
Latitude 
 
Longitude 
 
SO2, 
ppb, 
1997 
SO2, 
ppb, 
1998 
SO2, 
ppb, 
1999 
057-0021  27.791611 -82.360777 4 4 3 
057-0053 Interbay 27.885300 -82.481700 5 5 5 
057-0081 Simmons Park 27.742800 -82.469200 5 4 5 
057-0095 Gannon 27.921100 -82.401400 5 5 5 
057-0109 Tampa 27.854400 -82.383600 6 6 6 
057-1035 Davis Island 27.909200 -82.455300 8 8 8 
057-4004 One Raider 27.990800 -82.125800  3 3 
081-3002 Port Manatee 27.631333 -82.546083 5 5 4 
103-0023 St. Pete 27.862000 -82.623361 6 6 7 
103-3002 Pinellas Park 27.869805 -82.691750 3 3 4 
103-5002 Tarpon Springs 28.088600 -82.701100 3 3 3 
103-5003 Tarpon Springs 28.140200 -82.740000  2 3 
105-0010 Nichols 27.855388 -82.017722 6 6 7 
105-2006 High School 27.895527 -81.960166 4 5 4 
 
Adjacent to main study area ambient air pollution monitoring sites located in 
Pinellas, Polk and Manatee Counties, FL, were included into the spatial interpolation 
model. Sites 105-0010 and 105-2006 were located in Polk County, FL, and Site 081-3002 
was located in Manatee County, FL.  
Spatial interpolation and information techniques were used to obtain average annual 
environmental exposure to ambient air pollution by sulfur dioxide concentration values 
by zip code area of residence in Hillsborough County, FL, in 1997, 1998, and 1999. 
Spatial interpolation results are presented in Table 27.  
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Table 27. Interpolated sulfur dioxide concentration values, ppb, by zip code area of 
residence in Hillsborough County, FL, 1997, 1998, and 1999 
Zip 
Code 
Count 
No. 
 
Area, ft2 
 
Conc., ppb, 
1997 
Conc., ppb, 
1998 
Conc., ppb, 
1999 
33510 43 0.0019 5.4 5.2 5.2 
33511 88 0.0039 5.4 5.2 5.1 
33527 162 0.0072 5.3 4.4 4.4 
33534 70 0.0031 5.1 5.0 4.7 
33547 1086 0.0485 5.2 5.1 5.1 
33549 312 0.0139 5.1 4.6 4.8 
33556 228 0.0102 4.2 3.7 4 
33565 569 0.0254 5.2 4.2 4.2 
33566 118 0.0053 5.1 3.5 3.4 
33567 324 0.0145 5.3 4.1 4.1 
33569 314 0.014 5.1 5.0 4.7 
33570 293 0.0131 5.0 4.5 4.6 
33572 29 0.0013 4.8 4.6 4.4 
33573 94 0.0042 4.7 4.6 4.2 
33584 111 0.005 5.4 5.0 5 
33592 273 0.0122 5.3 4.8 4.9 
33594 119 0.0053 5.3 4.9 4.8 
33598 283 0.0127 5.0 4.8 4.6 
33602 14 0.0006 6.5 6.4 6.3 
33603 21 0.0009 5.9 5.8 5.9 
33604 46 0.0021 5.7 5.5 5.6 
33605 44 0.002 6.0 6.0 6 
33606 22 0.001 7.0 7.0 7 
33607 55 0.0025 5.8 5.7 5.7 
33609 25 0.0011 5.9 5.8 5.9 
33610 92 0.0041 5.6 5.4 5.4 
33611 29 0.0013 5.5 5.4 5.5 
33612 54 0.0024 5.5 5.2 5.3 
33613 45 0.002 5.3 5.0 5.2 
33614 52 0.0023 5.6 5.4 5.5 
33615 52 0.0023 5.0 4.7 5 
33616 23 0.001 5.5 5.4 5.5 
33617 49 0.0022 5.5 5.3 5.4 
33618 39 0.0017 5.3 4.9 5.1 
33619 171 0.0076 5.4 5.4 5.4 
33621 46 0.0021 5.5 5.3 5.5 
33624 66 0.003 5.1 4.7 5 
33625 49 0.0022 4.9 4.5 4.7 
33626 69 0.0031 4.2 3.8 4.1 
33629 26 0.0012 5.9 5.9 5.9 
33634 53 0.0024 5.3 5.1 5.3 
33635 46 0.0021 4.5 4.2 4.5 
33637 43 0.0019 5.5 5.2 5.3 
33647 193 0.0086 5.3 4.9 5.1 
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Simple and stratified frequency table analyses included only the information 
collected over the period of 1999. Distribution of interpolated sulfur dioxide 
concentrations over study area is demonstrated in Picture 9. The total study area was used 
to define relatively high and low environmental exposure categories (strata) by 
environmental exposure to sulfur dioxide (see Picture 10). The average annual 
concentration for sulfur dioxide (SO2) varied from a minimum concentration of 3.4 ppb 
in the zip code area 33566 to a maximum value of 7 ppb in the zip code area 33606 in 
Hillsborough, FL, in 1999. Relatively low average annual environmental exposure to 
sulfur dioxide areas included postal zip code areas with average annual concentration of 
equal to or more than 3.4 ppb but less than 5.2 ppb.  
 
 
Picture 9. Interpolated SO2 concentrations, ppb, in Hillsborough County, in 1999 
 
Relatively high environmental exposure areas covered geographical areas with 
average annual concentrations equal to or more than 5.2 ppb and less or equal to 7 ppb 
respectfully. 
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Picture 10. Relatively high and low average annual environmental exposure to sulfur 
dioxide category (stratum) areas in Hillsborough County, in 1999 
 
Frequency table analysis of separate environmental exposure to sulfur dioxide 
categories revealed that the crude rate ratio was 1.4 and 2.4 times higher in the high 
environmental exposure to sulfur dioxide category areas as compared to the low 
environmental exposure stratum for adults and children population groups respectively 
(see Table 28 and Table 29).  
 
Table 28. Separate high and low environmental exposure to sulfur dioxide categories 
(strata) and adult asthma hospital admissions within different stratum 
Environmental exposure 
categories  
 
Adult asthma 
hospitalization  
Total adult 
population 
Rate Ratio 
(95% CI) 
Crude Rate 
per 10,000 
High exposure to SO2 
category (5.2 – 7 ppb)  
607 456515 RR=1.39 
(1.21-1.59) 
15.51 
Low exposure to SO2 
category (3.4 – 5.2 ppb) 
 
324 337519 RR=1 9.32 
Total 
 
931 
 
794,358 
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Table 29. Separate high and low environmental exposure to sulfur dioxide categories 
(strata) and adult asthma hospital admissions within different stratum 
Environmental exposure 
categories 
 
Adult asthma 
hospitalization  
Total children 
population 
Rate Ratio 
(95% CI) 
Crude Rate 
per 10,000 
High exposure to SO2 
category (5.2 – 7 ppb) 
 
511 
 
95,070 RR=2.4 
(2.08-2.79) 
55.5 
Low exposure to SO2 
category (3.4 – 5.2 ppb) 
 
270 120,427 
 
RR=1 22.42 
Total 
 
781 
 
215,497  
 
 
 
The simple correlation analysis disclosed significant correlation between 
environmental exposure to sulfur dioxide and both adult (correlation coefficient r=0.36 
and corresponding p-value p<0.05) and children (r=0.6 with p<0.001) hospital admission 
for asthma by geographical area of residence in 1999. In addition, there was a strong 
statistically significant association between ambient air pollution by sulfur dioxide and 
hospital admissions for childhood (r=0.59, p<0.001) and adult asthma (r=0.56, p<0.001) 
shown in 1997. Correspondingly, there was significant association revealed between 
sulfur dioxide and childhood asthma (r=0.46, p<0.001) and adult asthma (r=0.37, 
p<0.001) hospital admission by geographical area of residence in Hillsborough County, 
FL, in 1998.  
 
Ozone (O3) 
The average annual ozone concentrations measured by separate ambient air quality 
monitoring sites were used as an initial database for spatial interpolation. The new 8-hour 
standard was used to calculate average annual environmental exposure to ozone. The 
NAAQS 8-hour 0.08 ppm standard is attained by having 3-year average of the annual 
four highest daily maximum values. Initial average values for ambient air pollution by 
ozone at different ambient air quality monitoring sites are presented in Table 30. 
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Table 30. List of ozone ambient air quality monitoring stations and average annual 
values in 1999 
Site No. Site Name Latitude Longitude 
O3, ppb, 
1997 
O3, ppb, 
1998 
O3, ppb, 
1999 
057-0081 Simmons Park 27.738555 -82.465583 88 102 95 
057-1035 Davis Island 27.926472 -82.454833 85 96 87 
057-1065 Gandy Blvd. 27.890833 -82.538583 87 98 91 
057-4004 Plant City 27.990944 -82.125750 NA 94 85 
081-3002 Palmetto 27.631333 -82.546083 81 99 85 
081-4010 Comm. College 27.441055 -82.596638 78 99 52 
081-4012 G.T. Bray Site 27.479055 -82.618833 NA NA 94 
081-4013 Bradenton 27.447750 -82.522166 NA NA 88 
101-2001 Holiday 28.193444 -82.757972 81 94 87 
103-0004 Clearwater 27.969166 -82.736222 78 94 94 
103-0018 St. Petersburg 27.784111 -82.740027 74 98 94 
103-5002 Tarpon Springs 28.088500 -82.700972 77 91 86 
105-6005 Lakeland 27.938166 -82.000305 83 92 79 
105-6006 Lakeland2 28.027699 -81.972166 82 91 82 
  
In addition to adjacent ambient air quality monitoring sites in Polk (Sites 105-6005 
and 105-6006) and Manatee (Sites 081-3002, 081-4010, 081-4012 , and 081-4013), a 
monitoring site located in Pasco County, FL, (Site 101-2001) was also used to create the 
initial dataset of limited point measurements of environmental exposure to ozone for 
further spatial interpolation. Spatial interpolation results are presented in Table 31.  
The year 1999 was selected to conduct subsequent simple and stratified frequency 
table analyses. Interpolated ozone concentration values are presented in Picture 11. The 
average annual concentration for ozone (O3) varied from minimum concentration of 84.1 
ppb to maximum value of 91.6 ppb, with an average of 88.0 and standard deviation 
SD=1.7, by separate zip code area of residence over the study area in Hillsborough, FL, 
in 1999.  
Relatively low average annual environmental exposure to ambient ozone category 
areas included geographical areas of residence with an average annual concentration of 
equal or more than 84 ppb but less than 88 ppb (see Picture 12).  
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Table 31. Interpolated environmental exposure to ozone, ppb, by separate zip code area 
of residence in Hillsborough County, FL, 1997, 1998, and 1999 
Zip 
Code 
Count 
No. 
Area, ft2 
 
Conc., ppb, 
1997 
Conc., ppb, 
1998 
Conc., ppb, 
1999 
33510 43 0.0019 83.6 95.6 87.2
33511 88 0.0039 83.7 95.9 87.5
33527 162 0.0072 83.0 94.4 85.4
33534 70 0.0031 84.8 97.9 89.5
33547 1086 0.0485 82.9 95.2 85.0
33549 312 0.0139 81.7 95.1 88.2
33556 228 0.0102 79.8 93.7 87.9
33565 569 0.0254 82.5 93.8 84.6
33566 118 0.0053 82.6 93.5 84.2
33567 324 0.0145 82.8 93.7 84.2
33569 314 0.014 84.0 96.7 88.0
33570 293 0.0131 85.4 100.2 90.9
33572 29 0.0013 86.0 99.8 91.5
33573 94 0.0042 84.8 98.9 89.5
33584 111 0.005 83.3 95.3 86.7
33592 273 0.0122 82.7 94.9 86.5
33594 119 0.0053 83.3 95.1 86.4
33598 283 0.0127 83.8 97.8 87.7
33602 14 0.0006 84.9 96.1 87.5
33603 21 0.0009 84.5 96.3 88.1
33604 46 0.0021 83.9 96.1 88.3
33605 44 0.002 84.7 96.2 87.6
33606 22 0.001 85.0 96.1 87.3
33607 55 0.0025 84.5 96.5 89.0
33609 25 0.0011 85.1 96.8 89.0
33610 92 0.0041 83.9 96.0 87.8
33611 29 0.0013 86.1 97.5 90.0
33612 54 0.0024 83.3 95.9 88.4
33613 45 0.002 82.7 95.6 88.4
33614 52 0.0023 83.7 96.2 88.8
33615 52 0.0023 81.9 95.5 89.3
33616 23 0.001 86.4 97.8 90.5
33617 49 0.0022 83.5 95.9 88.0
33618 39 0.0017 82.4 95.5 88.6
33619 171 0.0076 84.4 96.3 88.0
33621 46 0.0021 85.6 97.9 90.2
33624 66 0.003 82.0 95.3 88.7
33625 49 0.0022 81.2 94.9 88.8
33626 69 0.0031 79.6 93.6 88.2
33629 26 0.0012 85.6 97.1 89.4
33634 53 0.0024 83.0 96.0 89.2
33635 46 0.0021 80.2 94.4 89.0
33637 43 0.0019 83.3 95.7 87.7
33647 193 0.0086 82.6 95.3 87.5
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Picture 11. Interpolated ambient ozone concentrations in Tampa Bay, FL, in 1999 
 
Picture 12. Distribution of ambient air pollution by zip code area of residence in 
Hillsborough County, FL, in 1999 
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Table 32. Separate high and low environmental exposure to ozone categories (strata) and 
adult asthma hospital admissions within each stratum 
Environmental exposure 
categories  
Adult asthma 
hospitalization  
Total adult 
population 
Rate Ratio 
(95% CI) 
Crude Rate 
per 10,000 
High environmental 
exposure to ozone (88-92 
ppb)  
565 487,247 RR=0.97 
(0.85-1.11) 
11.6 
Low environmental 
exposure to ozone (84-88 
ppb) 
366 307,111 RR=1 11.9 
Total 
 
931 
 
794,358 
 
 
 
 
 
Table 33. Separate high and low environmental exposure to ozone categories (strata) and 
children asthma hospital admissions within each stratum  
Environmental exposure 
categories 
Children asthma 
hospitalization  
Total children 
population 
Rate Ratio 
(95% CI) 
Crude Rate 
per 10,000 
High environmental 
exposure to ozone (88-92 
ppb)  
470 122,962 RR=1.14 
(0.99-1.31) 
38.2 
Low environmental 
exposure to ozone (84-88 
ppb) 
311   92,535 RR=1 33.6 
Total 
 
781 
 
215,497  
 
 
 
Relatively high environmental exposure areas covered postal zip code of residence 
with average annual concentration of equal to or more than 88 ppb and less or equal to 92 
ppb respectively. Asthma hospital admissions and total population within each 
environmental exposure stratum are presented in Table 32 and Table 33. Crude rate ratio 
(RR) estimates attributable to high exposure category areas were RR=0.97 for adult and 
RR=1.14 for children population groups respectively. There was no association shown 
between environmental exposure to ozone and both adult and children asthma hospital 
admission rates. The Pearson correlation analysis confirmed that there was no association 
between environmental exposure to ozone and both adult (correlation coefficient r=-0.1, 
with corresponding p-value p>0.05) and children (r=0.05, p>0.05) asthma hospital 
admission rates by zip code areas of residence in Hillsborough County, FL, in 1999. This 
finding was also supported by separate simple log-linear regression analysis. There was 
also no significant effect of ozone on hospital admissions for childhood (r=-0.02, p>0.1) 
and adult asthma (r=-0.04, p>0.1) shown in 1998. In 1997, there was only a slight 
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significant crude association discovered between ambient ozone and hospitalizations for 
childhood (r=0.32, p<0.05), but not significant with adult asthma (r=0.28, p>0.05) 
accordingly.  
 
2.3.2. Socioeconomic status indicators 
 
The possible relationship between socioeconomic status and both asthma hospital 
admission rates and environmental exposure to criteria ambient air pollutants was 
evaluated by using standard simple correlation and frequency tables for separate 
socioeconomic category (strata) analysis techniques. We have considered 20 social and 
economic indicators, which, based on previous empirical studies, could be viewed as 
roughly approximating absolute and distributive aspects of living conditions or 
socioeconomic disadvantage status in a given community. Selected indicators were 
drawn from the US Census 2000 and included: (1) percentage of people living below 
poverty level; (2) percentage of unemployment; (3) percentage of persons with education 
level of ninth grade or less education as the highest degree of school completed; (4) 
percentage of persons with the average annual family income of or less than $15,000; (5) 
percentage of persons employed in professional, managerial, administrative, and clerical 
positions (white-collar occupation employees); (6) percentage of unskilled persons; (7) 
percentage of householder moved during the last year; (8) percentage of households with 
overcrowded conditions (over one person per room); (9) percentage of divorce rate; (10) 
percentage of single parents with children; (11) percentage of elderly population of 65 
years and older; (12) percentage of children population of 5 years and younger; (13) 
percentage of black person; (14) percentage of ethnic minority as a head of household; 
(15) percentage of houses heating by fuel oil, kerosene, gasoline and other combustible 
liquids; (16) percentage of houses heating by wood; (17) percentage of houses heating by 
gas; (18) percentage of houses built in 1960 or before; (19) percentage of houses with 
lacking kitchen and/or plumbing facilities; (20) percentage of families with no access to 
vehicle (no automobile ownership). Distribution of the percentage estimates for selected 
socioeconomic variables by zip code areas of residence is presented in Appendix E.  
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Table 34. Calculated UPA and UDI index values and crude rates of hospital admissions 
for adult and childhood asthma per 10,000 population by zip code area of residence in 
Hillsborough County, FL, 1999 
Zip code 
 
UPA 
 
UDI 
 
Adult asthma 
hospitalizations/ 10,000 
Childhood asthma 
hospitalizations/ 10,000 
33510 58.7 15.0 9.21 26.03 
33511 58.7 14.0 7.72 20.12 
33527 58.1 20.6 10.43 24.96 
33534 69.4 21.1 18.11 20.25 
33547 77.1 16.2 7.77 9.55 
33549 59.1 12.7 5.11 16.93 
33556 51.2 10.8 6.43 29.00 
33565 42.7 18.0 11.31 14.08 
33566 62.7 20.7 17.15 32.56 
33567 79.9 18.4 9.23 14.01 
33569 68.9 15.9 11.32 25.30 
33570 63.0 20.8 12.64 23.32 
33572 74.7 15.3 1.57 9.18 
33573 52.2 17.5 3.69 0.00 
33584 67.2 17.4 14.60 10.57 
33592 62.4 19.3 20.69 35.75 
33594 70.6 12.7 7.45 20.93 
33598 49.7 24.0 12.69 35.99 
33602 85.1 19.7 36.68 133.90 
33603 84.4 20.6 22.19 61.38 
33604 80.7 20.6 18.50 59.95 
33605 79.8 25.9 22.50 119.22 
33606 103.8 10.9 10.06 48.95 
33607 50.1 22.4 20.99 80.83 
33609 89.5 14.0 11.84 41.23 
33610 56.2 25.8 21.72 81.27 
33611 107.0 15.2 13.60 47.52 
33612 60.3 20.5 18.98 41.99 
33613 83.4 17.2 13.54 41.51 
33614 74.6 20.9 17.50 54.89 
33615 85.2 16.2 13.81 43.48 
33616 65.0 18.5 13.78 50.35 
33617 73.7 16.1 6.89 35.86 
33618 70.8 12.0 5.49 15.15 
33619 49.0 22.0 11.48 44.92 
33621 84.6 16.0 5.82 10.31 
33624 78.7 12.7 7.00 17.11 
33625 51.6 14.1 4.44 13.99 
33626 54.6 9.8 9.56 21.83 
33629 52.4 10.3 3.72 27.28 
33634 43.3 17.1 6.57 37.22 
33635 65.2 13.5 9.22 37.34 
33637 54.8 15.2 16.33 21.93 
33647 67.0 7.9 0.00 9.48 
 
The Urban Deprivation Index (UDI) and Underprivileged Area (UPA) scores were 
calculated for separate zip code area of residence as complex multidimensional 
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socioeconomic status characteristics of a given area. (see Table 34) The simple 
correlation analysis was conducted to evaluate the association between selected 
community socioeconomic status characteristics and both children and adult crude rates 
of hospital admissions for asthma as a primary diagnosis by geographical area of 
residence in 1999 (Table 35).  
 Only statistically significant socioeconomic variables represented socioeconomic 
status characteristics of primary interest and were selected for subsequent stratified and 
multiple regression analyses to evaluate the confounding effect of socioeconomic status 
on the association between environmental exposure to ambient air pollution and hospital 
admissions for asthma. The percentage values of elderly (65 years and over); children 
younger than 5 years; house heating by gas; and house heating by wood were not 
associated with asthma hospital admissions of children or adult population groups 
respectively.  
 
Table 35. List of significant socioeconomic status variables along with corresponding 
correlation coefficient and p-values 
Area socioeconomic deprivation  
indicators 
Adult asthma hospitalizations/ 
10,000 adult population 
Children asthma hospitalizations/ 
10,000 children population 
 Pearson correlation coefficient (p-value) 
Poverty, %   0.82 (p<0.001)   0.79 (p<0.001) 
Education 9th grade or less, % 0.46 (p<0.05) 0.37 (p<0.05) 
Unemployment, %  0.54 (p<0.05)   0.60 (p<0.001) 
Unskilled persons, % 0.51 (p<0.05) 0.25 (p>0.05) 
White-collar occupation, % -0.48 (p<0.05) -0.24 (p>0.05) 
Usage of public transportation, %   0.76 (p<0.001)   0.91 (p<0.001) 
No access to vehicle, %   0.77 (p<0.001)   0.87 (p<0.001) 
Family Income of $15000 or less, %   0.78 (p<0.001)   0.79 (p<0.001) 
Age of house (40 yr and older) , % 0.43 (p<0.05)   0.57 (p<0.001) 
House heating by fuel, % 0.47 (p<0.05)   0.62 (p<0.001) 
Lacking facilities, % 0.44 (p<0.05)   0.58 (p<0.001) 
Overcrowding conditions, % 0.42 (p<0.05) 0.39 (p<0.05) 
Divorced persons, %   0.66 (p<0.001)   0.63 (p<0.001) 
Single parent with children, %   0.69 (p<0.001)   0.67 (p<0.001) 
Ethnic minority householder, %   0.63 (p<0.001)   0.78 (p<0.001) 
Black, %   0.65 (p<0.001)   0.81 (p<0.001) 
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The Urban Deprivation Index (UDI) and Underprivileged Area Index (UPA) 
represented complex standard socioeconomic status indices of residential areas and were 
subsequent used to stratify relatively high and low socioeconomic status frequency table 
analysis to explore possible confounding effect and effect modification (interaction 
effect) between small-area socioeconomic status characteristics and local environmental 
exposure to ambient air pollution on hospital admissions for childhood and adult asthma. 
The analysis of complex area socioeconomic indices and asthma hospitalizations revealed 
a strong significant association between the Urban Deprivation Index (UDI) and hospital 
admissions for childhood and adult asthma. 
There was strong significant association shown between UDI and hospital 
admissions for childhood (correlation coefficient r=0.58, p<0.001) and adult asthma 
(r=0.64, p<0.001) by zip code area of residence in Hillsborough County, FL, in 1997. In 
addition, there was strong significant association with childhood (r=0.59, p<0.001) and 
adult asthma (r=0.69, p<0.001) disclosed in 1998. Significant positive correlation 
coefficient r=0.68 with p<0.0001 was shown in adult, and r=0.53 with corresponding 
p<0.001 in children asthmatics by geographical area of residence in 1999. There was only 
slight non-significant positive association (p>0.05) between Underprivileged Area Index 
(UPA) and hospital admission rates for both childhood and adult asthma in 1997, 1998, 
and 1999.  
Simple correlation analysis revealed significant association between crude asthma 
hospital admission rates and such socioeconomic status indicators as poverty, education, 
unemployment, white-collar occupation, daily utilization of public transportation, annual 
family income of $15,000 or less, age of house, house heating by fuel, lacking kitchen 
and/or plumbing facilities, overcrowding conditions, single parent with a child or 
children, ethnic minority householder. Comparative analysis revealed that all of the 
aforementioned small-area socioeconomic status indicators were statistically significantly 
associated with hospitalizations for both childhood and adult asthma in 1997 and 1998. 
Percentage of unskilled persons, black persons, divorced persons and also persons with 
no access to vehicle were excluded from subsequent analysis because they were highly 
correlated with and represented by other socioeconomic status variables. Unskilled 
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persons were represented by persons with low high school education and were inversely 
related with persons employed in professional or managerial occupations (white collar 
occupations). Percentage of black persons was represented by the percentage of ethnic 
minority householders in the given area. Percentage of divorced persons was reflected by 
the percentage of single parent families with children. Finally, percentage of persons with 
no access to vehicle was represented by the percentage of people using public 
transportation on daily basis. Because of the limited distribution range of variables and 
limited number of asthma hospital admissions within defined socioeconomic strata, the 
percentages of unemployed people, ninth grade or less high school education, people 
daily utilizing public transportation, house heated by fuel, houses with lacking kitchen 
and/or plumbing amenities, and ethnic minority householders were not used in the 
stratified analysis. However, all of the aforementioned significant area socioeconomic 
status characteristics of primary research interest were used in the Principal Component 
Analysis (PCA) to identify the most influential area socioeconomic status indicators out 
of the total number of significant variables and to develop a complex and multi-
dimensional small-area socioeconomic deprivation index. Percentages of residents living 
below the poverty level, with annual family income of $15,000 or less, employed in 
white-collar occupations, living in overcrowding conditions (one person or more per 
room in the house), or in older houses (age of house 40 years and older), and also the 
percentage of single parents with children were used to define different socioeconomic 
status categories (strata) and to calculate rate ratios of hospital admissions for asthma 
attributable to lower socioeconomic deprivation status as compare to the reference total 
crude association between hospital admission rates for childhood and adult asthma and 
environmental exposure to both ambient particles and sulfur dioxide.  
 
Poverty  
Poverty status indicated the percent of people living below poverty level in the 
given area and was defined into low and high socioeconomic status categories. The 50th 
percentile value was used as an arithmetic average cut-off point value to define two 
different socioeconomic strata by poverty. The number of separate zip code areas with a 
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corresponding number of asthma hospital admission for both childhood and adult asthma 
and total population data within different socioeconomic and environmental exposure 
strata in Hillsborough County, FL, in 1999, is presented in Appendix F (see also Picture 
13). 
 
Picture 13. Percentage of people living below poverty level by zip code area of residence 
in Hillsborough County, FL, in 1999 
 
Low socioeconomic status areas also had higher environmental exposure to ambient 
air pollution. Statistical data analysis revealed that neither 1-hr (NAAQS=0.12 ppm) or 8-
hr (NAAQS=0.08 ppm) based on highest daily maximum values of ambient ozone 
pollution by zip code area of residence were not associated with childhood and adult 
asthma hospitalizations (see Appendix F). Therefore further stratified analyses were 
conducted only by adjusting for ambient particles and sulfur dioxide exposure by zip 
code area of residence within separate socioeconomic status strata (or category). 8 of 10 
zip code areas of residence with low socioeconomic status (explained by higher 
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percentage of people living under the federal poverty level) also had relatively higher 
environmental pollution to ambient particles (see Appendix F). Only 2 out of 10 low 
socioeconomic status residential areas had relatively low exposure to ambient particles. 
For sulfur dioxide, 8 out total 10 areas with higher percentage of people living 
under the poverty level had also relatively higher concentration of SO2. Low 
socioeconomic status by poverty was significantly associated with higher ambient air 
pollution by PM10 (correlation coefficient r= 0.45, p<0.05) and SO2 (r=0.32, p<0.05) by 
separate area of residence in Hillsborough County, in 1999.  
The percentage of persons living below poverty attributable in the given zip code 
area as a permanent residence area of study subjects who were admitted to the hospitals 
because of acute asthma attacks varied from 1.7 to 28.3 percent. The average mean value 
was 9.86 with standard error SE=1.06. The 50th percent percentile served as a cut-off 
point value and was equal to 15 percent. Therefore the low socioeconomic status category 
(strata) included all postal zip code areas with corresponding poverty status of more than 
or equal to 15 percent and less or equal to 28.3 percent of people living below poverty 
level in the given area. The high socioeconomic status category (strata) included all zip 
code areas with relevant poverty status equal to or more than 1.7 percent but less than 15 
percent of population below poverty level.  
 
Table 36. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of adult 
asthma hospital admissions in low and high socioeconomic status categories by poverty 
(SES – socioeconomic status; * - high socioeconomic status by poverty used as a 
reference) 
SES by poverty Adult asthma 
hospitalization  
Total adult 
population 
Rate Ratio (95% CI) 
Low SES by poverty (15-
28.3 % persons living below 
poverty) 
 
339 
 
172,824 
 
RR=2.06 
(1.8-2.35) 
High SES by poverty (1.7 – 
15 % persons living below 
poverty) 
 
592 
 
621,534 
 
RR=1 (reference)* 
 
Total 
 
 
931 
 
794,358 
 
 
 
Childhood and adult asthma hospital admissions were calculated separately along 
with corresponding total children and adults population subgroups within each 
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socioeconomic status category by poverty (Table 36 and Table 37). The rate of asthma 
hospital admission ratio estimates and corresponding 95% confidence intervals were used 
to evaluate the magnitude of the difference between two different socioeconomic status 
strata. Rate ratio of childhood and adult asthma hospitalizations was respectively  2.4 and 
2.1 times higher in the lower socioeconomic status category as compared to the high 
socioeconomic deprivation status stratum by percentage of people below poverty level 
living in the given socioeconomic status category (stratum). 
The Pearson simple correlation analysis revealed a strong significant association 
between poverty level and crude asthma hospitalization rates by zip code area of 
residence for both adults (correlation coefficient r=0.82, p<0.0001) and children 
(correlation coefficient r=0.8, p<0.0001) groups in 1999. 
 
Table 37. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of 
childhood asthma hospital admissions in low and high socioeconomic status categories 
by poverty (SES – socioeconomic status; * - high socioeconomic status by poverty used 
as a reference) 
SES by poverty Childhood asthma 
hospitalization  
Total children 
population 
Rate Ratio 
(95% CI) 
Low SES by poverty (15-
28.3 % persons living below 
poverty) 
 
343 
 
52,734 
 
RR=2.4 
(2.08-2.76) 
High SES by poverty (1.7 – 
15 % persons living below 
poverty) 
 
438 
 
161,982 
 
RR=1 
(reference)* 
 
Total 
 
 
78 
 
215,497 
 
 
 
There was also a strong association between asthma hospitalizations and poverty 
level in 1997 and 1998. In 1997, the percentage of people living below poverty level was 
significantly associated with hospitalizations for childhood (r=0.76, p<0.0001) and adult 
asthma (r=0.82, p<0.0001). In 1998, poverty was shown to be strongly correlated with 
childhood (r=0.75, p<0.0001) and adult asthma (r=0.8, p<0.0001) accordingly. The crude 
effect represented an unadjusted reference association between environmental exposure 
and hospital admissions for childhood and adult asthma. Adjusted to socioeconomic 
status by poverty rate ratio estimates with corresponding 95 percent confidence intervals 
(95% CI) within each socioeconomic stratum are presented for both children and adult 
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separately in Appendix E. Slight effect modification and heterogeneity (interaction 
effect) by poverty status on the effect of environmental exposure to coarse particulate 
matters was indicated in the children’s group. A positive confounding effect was 
observed by poverty status on the association between PM10 and asthma hospital 
admissions for adults. The same direction confounding effect by poverty status and 
overestimated crude risk as compared to adjusted relative risk was also observed by the 
effect of sulfur dioxide on asthma hospitalization within separate socioeconomic status 
strata by poverty (see Appendix F). 
 
Total family income of $15,000 or less per year   
The percentage of persons with a total annual family income of $15,000 or less in 
the given area was used to represent socioeconomic deprivation of residential area by 
family income status. The mean value of for the percentage of persons with the total 
annual family income of $15,000 or less was 14.76 percent with a corresponding standard 
error value of SE=1.19. The socioeconomic status by income level varied from 3.1 to 
39.7 percent over the study area. Different family income status categories were defined 
by the 50th percentile estimate as a cut-off point value to divide the total study area into 
low and high socioeconomic status by family income strata. Based on descriptive data 
analysis of general data distribution, the 50th percentile value was 21.4 percent. The low 
socioeconomic status category included residence areas with equal to or higher than 21.4 
but less or equal to 39.7 percent of persons with annual average family income of less or 
equal to $15,000 or less. Respectively, the high area socioeconomic status by income 
level category was defined as equal to or higher than 3.1 but less than 21.4 percent of 
persons with annual family income of $15,000. Both children and adults asthma hospital 
admissions along with corresponding total children and adult population subgroups were 
calculated within each socioeconomic status category by income level (Table 38 and 
Table 39). 
Calculated rate ratio of adults and children asthma hospitalizations was 2 and 2.3 
times higher in the lower socioeconomic status category area as compared to the stratified 
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high socioeconomic deprivation status category area by percentage of persons with the 
total family income of $15,000 or less per year. 
 
Table 38. Rate ratio and corresponding 95% confidence intervals (95% CI) of adult 
asthma hospital admissions in low and high socioeconomic status categories by family 
income (SES – socioeconomic status; * - high socioeconomic status by the percentage of 
persons with annual family income of $15,000 and less used as a reference) 
SES by family income Adult asthma 
hospitalization  
Total adult 
population 
Rate Ratio (95% 
CI) 
Low SES by the percentage of persons 
with annual family income of $15,000 
and less (21.4 – 39.7 %) 
 
292 
 
146296 
 
RR=2.02 
(1.76-2.33) 
High SES by the percentage of persons 
with annual family income of $15,000 
and less (3.1 - 21.4 %) 
 
639 
 
648089 
 
RR=1* 
 
Total 
 
 
931 
 
794,358 
 
 
 
Table 39. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of 
childhood asthma hospital admissions in low and high socioeconomic status categories 
by family income (SES – socioeconomic status; * -high socioeconomic status by the 
percentage of persons with annual family income of $15,000 and less used as a reference) 
 
SES by family income  
Children asthma 
hospitalization  
Total children 
population 
Rate Ratio (95% 
CI) 
Low SES by percentage of persons 
with annual family income of $15,000 
and less (21.4 – 39.7 %) 
 
283 
 
42281 
 
RR=2.33 
(2.01-2.69) 
High SES by percentage of persons 
with annual family income of $15,000 
and less (3.1 - 21.4 %) 
 
498 
 
173216 
 
RR=1* 
 
Total 
 
 
781 
 
215,497 
 
 
 
Pearson correlation analysis revealed a strong significant association between 
income level and crude asthma hospitalization rates by zip code area of residence for both 
adult (correlation coefficient r=0.78, p<0.0001) and children (correlation coefficient 
r=0.79, p<0.0001) population groups in 1999. There was strong association between 
asthma hospitalizations and percentage of people with total annual family income equal 
to or less than $15,000 shown in 1997 and 1998. The percentage of people with family 
income equal or less than $15,000 was significantly associated with hospitalizations for 
childhood (r=0.8, p<0.0001) and adult asthma (r=0.84, p<0.0001) in 1997. Accordingly, 
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family income was also shown to be strongly correlated with childhood (r=0.77, 
p<0.0001) and adult asthma (r=0.76, p<0.0001) in 1998. 
The association between environmental exposure to both coarse particulate matter 
and sulfur dioxide and asthma hospitalizations within separate socioeconomic categories 
(strata) by family income, defined as the percentage of people with average annual family 
income of equal to or less than $15,000, is presented separately for children and adult 
groups in Appendix F. 7 of 44 zip code areas of residence were under the low 
socioeconomic status category by lower family income. 6 of 7 residence areas with low 
socioeconomic status by family income had relatively higher environmental exposure to 
ambient particles and sulfur dioxide. Low socioeconomic status areas were strongly 
associated with higher ambient air concentration of PM10 (correlation coefficient r= 0.42, 
p<0.05) and SO2 (r=0.38, p<0.05) by zip code area of residence over the total area of 
study. Slight socioeconomic confounding effect by family income was confirmed by 
decrease in adjusted relative risk estimates of the association between environmental 
exposure to ambient coarse particulate matters and asthma hospitalizations for children as 
compared to the total crude estimate. More noticeable socioeconomic confounding 
effects were shown on the association between environmental exposure to sulfur dioxide 
and asthma hospital admissions for both children and adult population groups within 
separate socioeconomic categories (strata) by poverty status. Socioeconomic confounding 
effect was homogeneous in each category and there was no interaction discovered. 
Although there was a slight heterogeneity discovered of the association between 
environmental exposure to particulate matters and asthma hospitalizations for adults 
within different socioeconomic strata by poverty status, the homogeneous effect of 
environmental exposure within different socioeconomic strata was assumed. Positive 
confounding effect indicated that the strength and magnitude of the crude relative risk 
estimates and also crude (unadjusted) effects of environmental exposure to ambient 
coarse particulate matters and sulfur dioxide was overestimated (see Appendix F).  
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White-collar occupation  
White collar occupation described the percentage of population employed in 
professional and managerial positions in different zip code areas of residence in 
Hillsborough County, FL. The average mean value for the percentage of white-collar 
professionals was 32.2 percent and varied from 14.4 to 57.7 percent over the total study 
area in Hillsborough County, FL, in 1999.  
 
 
Picture 14. Percentage of people employed in white-collar occupations by zip code area 
of residence. 
 
Separate socioeconomic status geographical areas of the percentage of white-collar 
employees were grouped into two socioeconomic status categories (strata) by using 50th 
percentile as an average cut-off value. Based on descriptive statistical data analysis, the 
50th percentile value was 36.1 percent of population employed in white-collar occupation 
within the given zip code area of residence (see Picture 14). The low socioeconomic 
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status category (stratum) by the percentage of white-collar occupation employees 
included all zip code areas of residence with equal to or more than 14.5 and less than 36.1 
percent of population employed in professional or managerial position. Respectively, the 
high socioeconomic status by white-collar occupation category included geographical 
areas with equal to or more than 36.1 and less than or equal to 57.7 percent of total 
population employed in white-collar occupations. The numbers of adults and children 
asthma hospital admissions and total reference population within separate socioeconomic 
status by white-collar occupation categories are given in Table 40 and Table 41. 
 
Table 40. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of adult 
asthma hospital admissions in low and high socioeconomic status categories by white-
collar occupation (SES – socioeconomic status; * -high socioeconomic status by the 
percentage of population employed in white-collar occupations used as a reference) 
SES by percentage of white-
collar occupation employees 
Adult asthma 
hospitalization  
Total adult 
population 
Rate Ratio (95% 
CI) 
Low SES by the percent of 
population employed in white-
collar occupations (14.5–36.1 
%) 
 
715 
 
502,510 
 
RR=1.92 
(1.65-2.24) 
High socioeconomic status by 
the percent of population 
employed in white-collar 
occupations (36.1-57.7 %) 
 
216 
 
291,848 
 
RR=1* 
 
Total 
 
931 
 
794,358 
 
 
 
 
Table 41. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of 
childhood asthma hospital admissions in low and high socioeconomic status categories 
by white-collar occupation (SES – socioeconomic status; * - high socioeconomic status 
by the percentage of population employed in white-collar occupations used as a 
reference) 
SES by percentage of white-
collar occupation employees 
Children asthma 
hospitalization  
Total children 
population 
Rate Ratio (95% 
CI) 
Low SES by the percent of 
population employed in white-
collar occupations (14.5–36.1 
%) 
 
597 
 
137,033 
 
RR=1.86 
(158-2.19) 
High SES by the percent of 
population employed in white-
collar occupations (36.1-57.7 %) 
 
184 
 
78,464 
 
RR=1* 
 
Total 
 
781 
 
215,497 
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Separate socioeconomic category analysis revealed that the excess relative risk 
fraction of 86 percent of children and 92 percent of adult asthma hospital admissions 
could be attributed to the low socioeconomic status described by the lower percentage of 
people employed in white-collar occupations. The Pearson correlation analysis of crude 
asthma hospital admission rates and percentage of population employed in white-collar 
occupations by zip code area of residence revealed a strong statistically significant 
inverse association for children (correlation coefficient r=-0.48, p<0.0001) but no 
significant negative association for adults (correlation coefficient r=-0.24). The 
comparative studies in 1997 and 1998 disclosed that employment in a professional 
occupation was a more important factor for asthmatic adults than children. In 1997, the 
percentage of people employed in professional occupations was associated with hospital 
admissions for childhood (r=-0.34, p<0.05) and adult asthma (r=-0.41, p<0.05). A 
significant inverse association was also revealed between professional occupation and 
hospitalizations for childhood (r=-0.35, p<0.05) and adult asthma (r=-0.49, p<0.05) in 
1998. The employment in white-collar occupation as an area socioeconomic deprivation 
status indicator was further evaluated in the stratified analysis and multivariate regression 
analysis (modeling) to explore possible confounding effect in environmental asthma 
studies. 28 of 44 postal zip code areas of residence were characterized by low 
socioeconomic status based on lower percentage of population employed in professional 
or managerial occupations (white-collar occupations). There were 17 and only 13 of 28 
low socioeconomic status residential areas with higher environmental exposure to 
ambient particles and sulfur dioxide respectively (see Appendix F). Higher exposure to 
ambient particles was significantly inversely correlated with higher number white-collar 
occupation employees by zip code area of residence in the study area (r=-0.31, p<0.05). 
However, exposure to sulfur dioxide was not associated with socioeconomic status by the 
percentage of people employed in professional and managerial occupations (r=0.15, 
p>0.05).  
The association between environmental exposure to both particulate matter and 
sulfur dioxide and asthma hospitalizations within separate socioeconomic strata by the 
percentage of white-collar employees is given separately for children and adult in 
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Appendix F.  Both confounding effect and slight effect modification were shown within 
different socioeconomic strata by professional and managerial occupation as compared to 
crude (unadjusted) analysis results. A slight confounding effect could be noticed on the 
association between particulate matter and asthma hospitalization in the children 
population group. The assumption of no interaction effect on the adult sample study 
group could be accepted because homogeneity was retained and no significant changes 
were indicated within separate socioeconomic strata by the percentage of people 
employed in white-collar occupation in a given category (stratum) areas. The 
heterogeneous effect of socioeconomic status by white-collar occupation employees was 
detected on the exposure to sulfur dioxide with more noticeable effect modification in 
adults rather than in children population groups.  
 
Single parent with children 
The average mean for the percentage of single parents with children over the total 
study area was 7.76 percent and varied from zero to 15.2 percent by separate zip code 
area of residence. The study area was divided into two socioeconomic status categories 
(strata) by the percentage of single parents with children in the geographical zip code area 
of permanent residence during the period of study. The 50th percentile estimate was used 
as an arithmetic average cut-off point value to divide the total study area into two 
socioeconomic status categories (strata) by single parent family status. The low 
socioeconomic status category included zip code areas of residence with equal to or more 
than 7.6 and less than or equal to 15.2 percents of single parents with children population 
in the given area. The high socioeconomic status category area covered zip code areas of 
residence with corresponding values of equal to or more than zero (no single parent 
families with children present) and less than 7.6 percent of single parent families with 
children. The number of hospital admissions and reference population within each 
socioeconomic stratum is presented separately for adult (Table 42) and children (Table 
43) population groups.  
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Table 42. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of adult 
asthma hospital admissions in low and high socioeconomic status categories by single 
parent with children status (SES – socioeconomic status; * -high socioeconomic status by 
the percentage of single parent status used as a reference) 
SES by the percentage 
single parent living with 
children  
Adult asthma 
hospitalization  
Total adult 
population 
Rate Ratio (95% 
CI) 
Low SES by single parent 
living with children (7.6-
15.2 %) 
 
580 
 
359,344 
 
RR=2 
(1.75-2.28) 
High SES by single parent 
living with children (0-7.6 
%) 
 
351 
 
435,014 
 
RR=1* 
 
Total 
 
931 
 
794,358 
 
 
 
 
Table 43. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of 
childhood asthma hospital admissions in low and high socioeconomic status categories 
by single parent with children status (SES – socioeconomic status; * - high 
socioeconomic status by the percentage of single parents used as a reference) 
SES by the percentage 
single parent living with 
children  
Children asthma 
hospitalization  
Total children 
population 
Rate Ratio (95% 
CI) 
Low socioeconomic status 
by the percentage of single 
parent living with children 
(7.6-15.2 %) 
 
 
520 
 
 
102,943 
 
 
RR=2.18 
(1.88-2.53) 
High socioeconomic status 
by the percentage of single 
parent living with children 
(0-7.6 %) 
 
261 
 
112,554 
 
RR=1* 
 
Total 
 
781 
 
215,497 
 
 
 
 
The calculated crude rate ratio of hospital admissions for childhood and adult 
asthma show that there was a two-fold higher risk of asthma hospital admissions for 
asthmatic adults in low socioeconomic category areas described by a higher percentage of 
single parent families with children. In addition, there was 2.2 times higher risk 
(RR=2.18, 95% CI: 1.88-2.53) of asthma hospitalizations for children less than 15 years 
old in the low socioeconomic status category areas represented by higher number of 
single parent families living with children. The Pearson simple correlation analysis 
confirmed a strong statistically significant association between the percentage of single 
 125
parent families with children and crude rates of asthma hospital admissions both for 
children (correlation coefficient r=0.67, p<0.0001) and adults (correlation coefficient 
r=0.69, p<0.0001). A similar significant association was revealed in 1997 and 1998. In 
1997, the percentage of single families with children by geographical area of residence 
was strongly associated with both childhood (r=0.66, p<0.001) and adult (r=0.76, 
p<0.001) asthma hospitalizations. Correspondingly, single parent family with children 
was also associated with hospital admissions for childhood (r=0.67, p<0.001) and adult 
asthma (r=0.72, p<0.001) in 1998.  
The association between environmental exposure to ambient particulate matter with 
a diameter of equal or less than 10 microns (PM10) and to sulfur dioxide (SO2) with 
corresponding asthma hospitalizations within separate socioeconomic strata by the 
percentage of single parent families with children is presented in Appendix D. 21 of 44 
postal zip code areas of residence were defined as low socioeconomic status areas by 
single parent family with children status. There were 17 and 14 low socioeconomic status 
residential areas which also had higher environmental exposure to ambient particles and 
sulfur dioxide respectively. There was a strong significant association between low 
socioeconomic status and higher environmental exposure to both ambient particles 
(correlation coefficient r=0.42, p<0.05) and sulfur dioxide (r=0.4, p<0.05) by separate zip 
code area of residence.  
The positive confounding effect by the number of single parents with children on 
the association between environmental exposure to ambient particulate matters and to 
sulfur dioxide and asthma hospitalizations for both children and adult population groups 
was found in all socioeconomic status strata (see Appendix D). A positive confounding 
effect by the percentage of single parent families with children in a given category 
confirms that the true strength and magnitude of crude relative risk as an estimate of the 
association between environmental exposure to both coarse particulate matters and sulfur 
dioxide and corresponding asthma hospitalizations was overestimated. Detected effect 
had similar (homogeneous) directions in all strata and, therefore, we assumed that 
homogeneity was retained and no effect modification (interaction effect) on the 
association was present.  
 126
Overcrowded conditions 
Overcrowded housing conditions were described as a percentage of persons living 
in the household with more than one occupant per room by geographical area of 
residence. The percentage of people living in the overcrowded conditions varied from 0.2 
to 28.1 percent for separate zip code areas of residence and the corresponding average 
mean value was 6.6 percent (SE=5.13) over the total study area. The 33rd and 66th tertiles 
were used to divide the study area into separate socioeconomic status categories (strata) 
as average cut-off point values. Because of the limited number of asthma hospital 
admissions within socioeconomic status strata, second and third categories were 
combined together and the 33rd percentile was chosen as a cut-off point to divide the total 
study area into the low and high socioeconomic status strata.  
 
Table 44. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of adult 
asthma hospital admissions in low and high socioeconomic status categories by 
overcrowding housing status (SES – socioeconomic status; * - high socioeconomic status 
by the percentage of population living in overcrowding housing status used as a 
reference) 
SES by overcrowded housing 
conditions 
Adult asthma 
hospitalization  
Total adult 
population 
Rate Ratio 
(95% CI) 
Low SES by the percentage of 
population living in overcrowded 
housing conditions (9.5-28.1 %)  
 
299 
 
175,645 
 
RR=1.67 
(1.45-1.91) 
High SES by the percentage of 
population living in overcrowded 
housing conditions (0-9.5 %) 
 
632 
 
618,713 
 
RR=1* 
 
Total 
 
931 
 
794,358 
 
 
 
 
The calculated number of hospital admissions for asthma and total reference 
population within each stratum is represented separately for children (Table 44) and 
adults (Table 45). Crude rate ratio estimates for adults and children asthma 
hospitalizations were respectively 1.67 and 1.79 times higher in the lower socioeconomic 
status category area as compared to the high socioeconomic deprivation status stratum by 
percentage of people living in the overcrowded household conditions. 
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Table 45. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of 
childhood asthma hospital admissions in low and high socioeconomic status categories 
by overcrowding housing (SES – socioeconomic status; RR- rate ratio; 95% CI – 95% 
Confidence Intervals; * -high socioeconomic status by the percentage of population 
living in overcrowding housing used as a reference) 
SES by overcrowded housing 
conditions 
Children asthma 
hospitalization  
Total children 
population 
Rate Ratio 
(95% CI) 
Low SES by the percentage of 
population living in overcrowded 
housing (9.5-28.1 %)  
 
280 
 
51,241 
 
RR=1.79 
(1.55-2.07) 
High SES by the percentage of 
population living in overcrowded 
housing (0-9.5 %) 
 
501 
 
164,256 
 
RR=1* 
 
Total 
 
781 
 
215,497 
 
 
 
 
Pearson correlation analysis revealed a significant correlation between the 
percentage of people living in overcrowded conditions level and crude asthma 
hospitalization rates by zip code area of residence for both adults (correlation coefficient 
r=0.42, p<0.05) and children (correlation coefficient r=0.39, p<0.05). There was 
significant association between overcrowded housing conditions and hospitalization for 
childhood (r=0.37, p<0.05) and adult asthma (p<0.39, p<0.05) by zip code area of 
residence in Hillsborough County, FL, in 1997. In addition, the overcrowding living 
condition was also associated with childhood (r=0.43, p<0.05) and adult (r=0.44, p<0.05) 
asthma hospital admissions by geographical area of residence in 1998.  
The association between environmental exposure to both ambient particles and 
sulfur dioxide (SO2) and corresponding asthma hospitalizations within separate 
socioeconomic strata defined by the percentage of people living in overcrowded housing 
conditions was evaluated separately for adult and children in Hillsborough County, FL, in 
1999 (see Appendix F). 10 of 44 zip code areas of residence were characterized by low 
socioeconomic status by overcrowded housing conditions. Correspondingly, 8 and 7 
residential areas out of total low socioeconomic status areas also had higher 
environmental exposure to PM10 and SO2. There was a slight association between low 
socioeconomic status by overcrowded living conditions and environmental exposure to 
ambient particles by zip code area of residence, however, no statistical significance was 
shown to prove this association (r=0.27, p>0.05). There was also no significant 
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association between socioeconomic status and ambient air pollution by sulfur dioxide 
revealed (r=0.08, p>0.05). Consistent confounding effect was seen within different 
socioeconomic strata expressed by overcrowded conditions for both sulfur dioxide and 
particulate matters exposure except on the crude relationship between coarse ambient 
particulate matters and asthma hospitalization in children (see Appendix F). By assuming 
that effect was retained homogeneous we also accepted that there was no effect 
modification (interaction) detected.  
 
Urban Deprivation Index (UDI) 
The Urban Deprivation Index (UDI), an example of complex multidimensional area 
socioeconomic status based on social, economic and housing gradients, was calculated by 
using the standard method explained previously (see Methodology). Small-area social, 
economic and housing gradients were described and incorporated in the complex 
multidimensional index. The percentage of single parents with children and elderly living 
alone was used to represent the social area gradient. The percentage of persons 
unemployed and unskilled indicated economic status of residence area. Percentage values 
were obtained from the US Census 2000. The number of unskilled persons was used to 
calculate the Urban Deprivation Index for each geographic zip code area of residence, but 
was not used in our study data analysis as a separate socioeconomic status indicator 
because of high positive correlation with the percentage of people with 9th grade or less 
high school education (correlation coefficient r=0.73 and corresponding p-value 
p<0.0001) and also because of a strong significant inverse opposite correlation with the 
percentage of people employed in professional and managerial occupations (r=-0.97, 
p<0.0001) both of which were retained and explored further in our study. Finally, the 
percentage of both overcrowded households and households with lacking amenities were 
used to represent the housing gradient in the index.  
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Picture 15. UDI score by zip code area of residence in Hillsborough County, FL, 1999 
 
Calculated UDI values varied from the index score of 7.9 to 25.9 with a mean value 
of 16.9 (SE=0.64) for separate zip code areas of residence over the total study area. The 
average arithmetic mean value as a 50th percentile cut point estimate was used to divide 
the total study area into two socioeconomic status categories (strata) by urban 
socioeconomic deprivation index score. The low socioeconomic status category (stratum) 
included all zip code areas of residence with the score of UDI equal or more than 16.9 
and less than or equal to 25.9. Accordingly, the high socioeconomic status category by 
corresponding deprivation index value covered areas with the index score of equal or 
more than 7.9 and less than 16.9. The numbers of adults and children hospital admissions 
with the corresponding reference population values are presented in Table 46 and Table 
47.  
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Table 46. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of adult 
asthma hospital admissions in low and high socioeconomic status categories by Urban 
Deprivation Index (SES – socioeconomic status; * -high socioeconomic status by Urban 
Deprivation Index used as a reference) 
SES by Urban Deprivation Index 
(UDI) 
 
Adult asthma 
hospitalization  
Total adult 
population 
Rate Ratio 
(95% CI) 
 
Low SES by UDI score of 15-26 
 
 
636 
 
404,756 
RR=1.97 
(1.72-2.26) 
 
High SES by UDI score of 8-17 
 
 
295 
 
389,602 
 
RR=1* 
 
Total 
 
 
931 
 
794,358 
 
 
 
Table 47. Rate ratio (RR) and corresponding 95% confidence intervals (95% CI) of 
childhood asthma hospital admissions in low and high socioeconomic status categories 
by Urban Deprivation Index (SES – socioeconomic status; * - high socioeconomic status 
by Urban Deprivation Index used as a reference) 
SES by Urban Deprivation Index 
(UDI) 
 
Children asthma 
hospitalization  
Total children 
population 
Rate Ratio 
(95% CI) 
 
Low SES by UDI score of 15-26 
 
 
532 
 
110,872 
     RR=1.94 
(1.67-2.26) 
 
High SES by UDI score of 8-17 
 
 
249 
 
104,625 
 
RR=1* 
 
Total 
 
 
781 
 
215,497 
 
 
 
Separate socioeconomic category analysis revealed that 97 and 94 percent of the 
excess fraction of asthma hospital admissions in adult and children population groups 
respectively could be attributed to the low socioeconomic status described by high score 
of UDI. The Pearson correlation analysis of crude asthma hospitalization rates and 
corresponding index scores values zip code areas of residence proved a statistically 
significant association for both adults (correlation coefficient r=0.68, p<0.001) and 
children (correlation coefficient r=0.53, p<0.001) in 1999. Statistically significant 
association was also shown for childhood (r=0.58 and r=0.59) and adult (r=0.64 and 
r=0.69) asthma hospitalizations in 1997 and 1998 respectively. 
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The association between environmental exposure to ambient particulate matter and 
sulfur dioxide and hospital admissions for childhood and adult asthma within separate 
socioeconomic strata by UDI is given in Appendix F. 22 of 44 residential zip code areas 
of residence formed a low socioeconomic status category area by Urban Deprivation 
Index (UDI). Accordingly, 14 and 11 of low socioeconomic status areas were also 
characterized by higher environmental exposure to PM10 ad SO2. There was a strong 
association between low socioeconomic status by UDI and ambient air pollution by 
particulate matter (r= 0.4, p<0.05), but there was no significant association with sulfur 
dioxide (r=0.07, p>0.05) shown by separate zip code area of residence in Hillsborough 
County, FL. Positive confounding effect by UDI was seen on the association between 
environmental exposure to both coarse particulate matters and sulfur dioxide and hospital 
admissions for adult asthma (see Appendix D). Heterogeneous effect within separate 
socioeconomic strata and effect modification was detected on the association between 
particulate matters and hospitalization of asthma within separate socioeconomic status 
strata, and displayed only a slight confounding effect on the adjusted estimates of the 
association between the environmental exposure to sulfur dioxide and asthma 
hospitalizations in children population.  
 
2.3.3. Socioeconomic Deprivation Index 
 
Principal component analysis (PCA) techniques were used to reduce the total 
number of significant explanatory socioeconomic status indicators and to define main 
composite components of residential area socioeconomic status within the selected 
geographical area of study. Selected separate socioeconomic status characteristics were 
highly inter-correlated and do not represent complex economic, social, demographic and 
behavioral characteristics but rather more specific single socioeconomic indicators or 
factors of residential area. Because of highly significant correlations and mixed effects of 
various socioeconomic status indicators, the complex multidimensional area 
socioeconomic status index was constructed by calculating principal socioeconomic 
status components and relative standardized weight values for each selected 
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socioeconomic status variable. Based on previous preliminary crude association analysis 
of the association between area socioeconomic status indicators and asthma hospital 
admission, only significant socioeconomic status indicators were selected for principal 
component analysis and to build complex area socioeconomic deprivation index.  
A total of 12 different residential area socioeconomic deprivation status indicators 
were shown to be associated with asthma: (1) percentage of people living below poverty; 
(2) percentage of people with equal to or less than 9th grade high school education; (3) 
percentage of unemployed persons; (4) percentage of people employed in professional or 
managerial occupations; (5) percentage of people with an average household income of 
$15,000 or less per year, (6) age of house representing the percentage of houses built in 
1960 or earlier; (7) percentage of people with no access to personal car; (8) house heating 
by fuel; (9) percentage of houses with lacking kitchen and/or plumbing facilities in the 
house; (10) percentage of people living in overcrowded conditions; (11) percentage of 
single parents living with at least one child or children; and (12) percentage of ethnic 
minority householders.  
The final outcome and results of principal component analysis (PCA) is provided in 
Appendix G. There were total 12 factors identified. Based on the Kaiser-Guttman rule we 
identified two main factors with the corresponding eigenvalues greater than 1.0. Factor 1 
had an eigenvalue of 7, while Factor 2 had an eigenvalue of 1.44 out of the total value of 
9.82. The scree plot clearly illustrates the existing difference between the first (Factor 1) 
and the second (Factor 2) factors. Other factors had eigenvalues less than 1. Further 
evaluation of final communality estimates and variance explained by each factor proved 
that the first factor explained 71.4 percent of total variance. The second factor was able to 
explain additional 14.3 percent of total variance. Factors able to explain 85 % or more out 
of total variance are considered appropriate. Therefore, both of the aforementioned 
factors were retained for evaluation and interpretation of factor loadings in order to 
develop the complex socioeconomic deprivation status index. Standardized regression 
coefficients equal to or greater than 0.3 in absolute value were used for the evaluation of 
significant socioeconomic status factor loadings. The PROMAX oblique rotation method 
was performed to calculate standardized regression coefficients on the rotated factors 
 133
(principal components). Only variables with standardized regression coefficients equal to 
or more than 0.3 were retained and considered for further one-factor analysis to calculate 
standardized score values for the complex index. Factor 1 analysis revealed that 
percentages of people with an education level of 9th grade or below, with professional or 
managerial occupations (white-collar occupations), and overcrowded living conditions 
were significant components. All aforementioned variables represented social status 
component of the given residential area (Factor 1, see Appendix G). Factor 2 disclosed 
that percentages of people living below poverty level, unemployed, with low family 
income and without vehicle were significant factors to explain economic (financial) 
status component. The percentage of people living with inadequate facilities was 
important for both components in Factor 1 and in Factor 2. The percentages of people 
living in older houses (house built in 1960 or before) and in houses with fuel as the main 
heating source were not significant or important to explain social status or economic 
status components, and were not included in the complex index. The standardized scoring 
coefficients represented standard weights of each selected significant socioeconomic 
characteristic in the complex index model and are given in Table 48. 
  
Table 48. Selected residential area socioeconomic status indicators with standardized 
relative weights used to calculate the Socioeconomic Deprivation Index (SDI) 
 
Socioeconomic status indicator 
 
 
Relative weight 
 
 
Percentage of people living below poverty level, % 
 
Percentage of people with 9th grade or less high school education, % 
 
Percentage of unemployed people, % 
 
Percentage of people employed in professional or managerial occupations    
(white-collar occupation), % 
 
Percentage of families with annual family income of $15,000 or less, % 
 
Percentage of people with no vehicle, % 
 
Percentage of people living in overcrowded housing conditions, % 
 
Percentage of houses with lacking plumbing or kitchen facilities, % 
 
 
0.31 
 
0.18 
 
0.02 
 
-0.01 
 
 
0.28 
 
0.07 
 
0.19 
 
0.07 
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Percentage of people below poverty level, low family income, overcrowded living 
conditions and low education were the most influential characteristics in the area 
socioeconomic deprivation index (SDI). The effect of such socioeconomic status 
characteristics as percentage of people with no vehicle, lack of plumbing or kitchen 
facilities, unemployed and employed in professional or managerial (white-collar) 
occupations was of lesser magnitude. 
The complex multi-dimensional socioeconomic deprivation index was calculated 
for each zip code area of residence based on identified significant socioeconomic status 
characteristics and its standardized score value. Higher SDI estimate represents relatively 
higher socioeconomic deprivation and lower socioeconomic status for a given residential 
area. Calculated SDI estimates by zip code area along with corresponding crude adults 
and children hospital admission rates per 10,000 of total adult and children population 
groups are presented in Table 49. 
The lower index score indicated the higher socioeconomic status and lower 
socioeconomic deprivation, and the higher index score represented the lower 
socioeconomic status and higher socioeconomic deprivation status in a given area 
respectively. The analysis of association between the socioeconomic deprivation index 
score and asthma hospital admissions rates by zip code area of residence revealed 
significant association with hospitalization rates for total (correlation coefficient r=0.82, 
p<0.001), childhood (r=0.75, p<0.001) and adult asthma (r=0.77, p<0.001) in 
Hillsborough County, FL, in 1999.  
Calculated SDI values were also strongly correlated with environmental exposure to 
ambient particles (r=0.42, p<0.05) and slightly but not significantly associated with 
ambient sulfur dioxide concentrations (r=0.28, p>0.05) by zip code area of residence in 
Hillsborough County, FL, 1999. The average mean index score for the total study area 
was 10.2, and varied from 1.3 to 28.5 by separate zip code area of residence in 1999 (see 
Pictures 16 and 17). 
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Table 49. Socioeconomic Deprivation Index (SDI) values and crude rates of hospital 
admissions for adult and childhood asthma by geographical area of residence in 
Hillsborough County, FL, in 1997, 1998, and 1999 
Zip code 
area 
 
SDI 
(1999) 
 
Adult 
asthma per 
10,000 in 
1997 
Childhood 
asthma per 
10,000 in 
1997 
Adult 
asthma per 
10,000 in 
1998 
Childhood 
asthma 
per 10,000 
in 1998 
Adult 
asthma per 
10,000 in 
1999 
Childhood 
asthma per 
10,000 in 
1999 
33510 5.0 8.06 16.02 9.78 8.01 9.21 26.03 
33511 4.3 8.00 16.10 4.00 17.10 7.72 20.12 
33527 14.3 10.43 46.35 10.43 17.83 10.43 24.96 
33534 15.4 10.87 20.25 9.06 15.19 18.11 20.25 
33547 6.9 13.99 33.41 12.44 19.09 7.77 9.55 
33549 4.6 5.11 13.76 3.97 12.70 5.11 16.93 
33556 2.3 3.67 0.00 7.34 22.56 6.43 29.00 
33565 8.3 6.03 22.54 9.80 16.90 11.31 14.08 
33566 14.2 13.47 26.81 16.53 36.39 17.15 32.56 
33567 10.8 7.18 23.35 9.23 9.34 9.23 14.01 
33569 6.7 8.76 22.89 9.86 9.64 11.32 25.30 
33570 13.7 2.92 27.21 6.81 23.32 12.64 23.32 
33572 4.3 6.28 18.37 6.28 9.18 1.57 9.18 
33573 5.2 2.46 0.00 1.23 0.00 3.69 0.00 
33584 6.8 7.62 38.04 12.06 14.79 14.60 10.57 
33592 8.7 9.05 40.21 9.05 22.34 20.69 35.75 
33594 3.7 9.10 12.21 4.41 6.11 7.45 20.93 
33598 23.9 9.06 12.00 9.06 12.00 12.69 35.99 
33602 23.1 26.81 112.48 22.57 58.92 36.68 133.90 
33603 16.8 22.19 91.01 20.96 42.33 22.19 61.38 
33604 17.7 29.17 57.64 19.21 40.35 18.50 59.95 
33605 28.5 31.82 107.30 21.73 95.37 22.50 119.22 
33606 5.9 8.52 9.79 4.65 34.26 10.06 48.95 
33607 18.3 16.57 93.60 27.62 72.33 20.99 80.83 
33609 8.2 13.32 52.47 11.84 26.24 11.84 41.23 
33610 18.2 25.00 60.02 19.67 40.01 21.72 81.27 
33611 7.6 8.80 49.59 8.80 18.60 13.60 47.52 
33612 17.3 15.36 52.23 15.97 38.92 18.98 41.99 
33613 15.8 13.13 59.30 10.26 29.65 13.54 41.51 
33614 13.4 11.29 50.11 14.96 45.34 17.50 54.89 
33615 10.1 12.31 27.33 14.71 27.33 13.81 43.48 
33616 10.8 11.66 42.60 8.48 19.36 13.78 50.35 
33617 11.0 13.19 36.98 12.29 25.78 6.89 35.86 
33618 5.1 7.32 30.30 5.49 20.20 5.49 15.15 
33619 15.4 15.61 28.45 15.15 34.44 11.48 44.92 
33621 4.9 0.00 0.00 0.00 10.31 5.82 10.31 
33624 3.8 5.04 16.04 5.04 17.11 7.00 17.11 
33625 4.7 6.34 29.98 6.34 23.99 4.44 13.99 
33626 1.3 1.20 0.00 3.59 3.64 9.56 21.83 
33629 3.4 9.03 27.28 7.44 9.92 3.72 27.28 
33634 7.5 11.17 39.70 9.20 22.33 6.57 37.22 
33635 6.2 7.17 7.47 4.10 22.40 9.22 37.34 
33637 9.3 9.19 36.55 8.16 10.96 16.33 21.93 
33647 3.8 1.50 12.64 3.01 0.00 0.00 9.48 
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Picture 16. SDI score by separate zip code area of residence in Hillsborough County, FL, 
1999
 
Picture 17. Distribution of SDI score by zip code area of residence in Hillsborough 
County, FL, 1999 
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Analysis of data on hospital admissions for both childhood and adult asthma in 
1997 and 1998 supported the conclusion that calculated geographical area index is 
strongly associated with hospitalizations for asthma in the selected area of study (see 
Table 49). There was shown strong significant association with hospitalizations for 
childhood (r=0.74 in 1997 and r=0.74 in 1998) and adult asthma (r=0.78 in 1997 and 
r=0.77 in 1998) accordingly. Preliminary crude association analysis results and possible 
interaction or confounding effect were explored further by applying multiple non-linear 
regression analysis techniques.  
 
2.3.4. Multiple regression modeling and analysis 
 
The multiple log-linear regression models were used to evaluate the significance 
and magnitude of residential area socioeconomic deprivation levels to explain and predict 
hospital admissions for adult and childhood asthma. The multiple regression model 
building techniques were also used to support or oppose previous crude correlation 
association and frequency table analysis results. The influence of environmental exposure 
to ambient air pollution by particulate matter, sulfur dioxide and ozone was also explored 
to evaluate possible interaction (effect modification) and confounding effect in the 
multiple regression models with selected area socioeconomic status indicators and 
complex area multidimensional deprivation index as independent variables and asthma 
hospital admission rates for childhood and adult asthma as main outcomes of interest. 
Standard stepwise backward selection model building procedures were used to develop 
the final best-fit regression model. Based on the initial model and subsequent stepwise 
backward parameter selection analysis, only statistically significant model parameters 
with significance level of p<α=0.5 as a reference point value were retained in the model. 
Overall goodness of fit for all models used in the stepwise analyses was estimated based 
on the scaled deviance, and general assumption that all models were adequate to explain 
for overdispersion. Comparative models were designed to evaluate association between 
socioeconomic status and asthma hospital admissions in 1997, 1998, and 1999. The 
stepwise backward selection model building analysis and fitted model validation were 
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conducted separately for children under 15 years of age and adults of 15 years or older. 
The scatter plot and calculated residual deviance analyses were conducted to identify 
extreme or outlying observations. Empirical rule of an absolute residual deviance value 
of more than 2.5 was used to define extreme cases (outliers). The significant influence of 
selected extreme cases (outliers) on regression model parameters was confirmed by the 
DFBETAS value of equal or higher than 
n
2  or 0.3, where n is a total number of cases 
used for validation (n=44). The final interpretation of developed regression model 
parameter estimates was provided only after the assessment of the influence of extreme 
cases (outliers) on the fitted regression model parameters.   
 
Area Socioeconomic Status Indicators and Asthma Hospitalizations 
 
Childhood asthma hospital admissions 
Area socioeconomic status indicators were selected based on previous empirical 
studies and our preliminary crude analysis results. Selected socioeconomic characteristics 
included poverty, education, unemployment, white-collar occupation, daily utilization of 
public transportation, annual family income of $15,000 or less, age of house (build in 
1960 and earlier), house heating by fuel, lacking kitchen and/or plumbing facilities, 
overcrowding conditions, single parent with a child or children, ethnic minority 
householder. Aforementioned residential area socioeconomic status and environmental 
exposure to ambient air pollution by ambient particles, sulfur dioxide and ozone were 
used to design the best-fit regression model. Stepwise backward selection model building 
procedures and analysis results are presented in Appendix H.  
The total study area selected for analysis covered 44 postal zip code areas of 
residence as a main geographical unit of data analysis in Hillsborough County, FL. 
Number of hospitalizations for childhood asthma as a primary diagnosis was used as the 
main outcome of interest and as an offset variable (ti) in the log-linear regression model. 
The influence of environmental exposure to ambient air pollution by particulate matter, 
sulfur dioxide, and ozone controlling for area socioeconomic deprivation indices as 
independent variables was evaluated by using a log-linear function as the link function in 
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the multiple regression model. Three comparative studies were designed to evaluate the 
association in the multivariable regression models by area of residence in 1997, 1998, 
and 1999. The analysis of multiple regression models with only environmental exposure 
to selected criteria ambient air pollutants included in the stepwise backward selection 
best-fit model building procedures, revealed that sulfur dioxide was the only significant 
factor to explain the increase in childhood asthma hospital admissions by geographical 
area of residence. Ambient particles and ozone were not significant factors in the fitted 
multiple regression model after adjustment to sulfur dioxide in 1997 and 1998 (see 
Appendix H). Both ambient particles and sulfur dioxide were found significant factors in 
the fitted multiple regression models in 1999. The interaction term analysis has shown 
that there was no significant interaction between sulfur dioxide and ambient particles in 
the best-fit model.  
The initial log-linear multiple regression equations and subsequent best-fit 
regression models’ building analysis results for 1997, 1998, and 1999 are provided in 
Appendix H. The significance of each single model parameter during the backward 
selection stepwise model building procedures was evaluated by its chi-square statistics 
and corresponding p-value. The least influential variable was excluded from the next step 
in the stepwise model building procedures. The final best-fit model included only 
significant variables based on chi-square statistics and significance level of p> (α=0.05). 
The percentages of people employed in professional occupations, with no vehicle 
available, and with relatively higher environmental exposure to sulfur dioxide by 
geographical area of residence were significant factors to explain the increase of 
childhood asthma hospitalizations and was retained in the final model of 1997. The 
scatter plot of predicted values of childhood asthma hospital admissions versus residual 
deviances is presented in Figure 14. Environmental exposure to sulfur dioxide was shown 
to be a significant factor for childhood asthma hospital admissions in 1997 and 1999 but 
not in 1998. Less people employed in professional white-collar occupations and more 
families with no auto vehicle available were the only significant explanatory area 
socioeconomic status factors to account for the increase in childhood asthma 
hospitalizations in 1998. Percentage of people living below poverty along with relatively 
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higher environmental exposure to ambient air pollution by sulfur dioxide by geographical 
area of residence were significant independent variables in the final fitted regression 
model of childhood asthma hospital admissions in 1999. Ambient particles and ozone 
were not significant factors to explain the increase in childhood asthma hospital 
admissions after the adjustment to area socioeconomic status characteristics.  
Scatter plot analysis has shown two extreme cases (case 20 and 23).  
 
Figure 14. Distribution of residual deviances against predicted values for the fitted 
regression model with childhood asthma hospital admissions as a dependent variable in 
1997 
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The influence of these outliers on the regression model parameters was evaluated 
by comparing regression model with and without selected outliers. DFBETAS value of 
equal or higher than 
n
2  or 0.3 (sample size n=44) was used to identify significant effect 
on regression parameters. Calculated DFBETAS for each regression model parameter is 
presented in Table 50. There was no significant effect shown by selected extreme cases 
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on the fitted model regression parameters (DFBETAS <0.3), and these outliers were 
retained in the final model. 
Final model parameter estimates were transformed by using natural antilogarithm 
transformation for further model parameter interpretation. Transformed parameter 
estimates with corresponding 95% confidence limits are presented in Table 51.  
 
Table 50. Calculated DFBETAS values for selected extreme cases (outliers) in the 
childhood asthma regression model in 1997 
Regression Model 
Parameters 
Regression 
Coefficient, β(i) 
Difference, ∆β MSE(i) DFBETAS 
Final fitted regression model with extreme cases (outliers) 
White-collar 
occupation 
-0.017 
No vehicles 
available 
0.043 
Sulfur dioxide 
 
0.590 
 
Final fitted regression model without extreme cases (outliers) 
White-collar 
occupation 
-0.017 0 5.626 0 
No vehicles 
available 
0.055 0.012 5.626 0.002 
Sulfur dioxide 
 
0.584 0.006 5.626 0.001 
 
Table 51. Transformed best-fit childhood asthma hospital admissions regression model 
parameter estimates (1997) 
 
Parameter 
 
Parameter estimate 
 
Transformed estimate 
 
95% CI 
White-collar occupation -0.017 1.018 1.005-1.029 
No vehicles available 0.043 1.044 1.021-1.067 
Sulfur dioxide (SO2) 0.590 1.804 1.247-2.610 
 
Transformed fitted model parameter estimates suggested that the decrease in the 
percentage of people employed in white-collar occupations and corresponding increase in 
the percentage of people without access to personal vehicle by 1 percent may increase 
childhood asthma hospital admission rates by 1.7% and 4.3% respectively. Accordingly, 
the increase in ambient air pollution by sulfur dioxide by 0.1 ppb could account for the 
increase in childhood asthma hospital admissions by 8%.  
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Employment in professional occupation and no vehicle available in family were the 
only factors to explain the increase in hospital admissions for childhood asthma in 1998. 
Ambient air pollution by particulate matter (PM10), sulfur dioxide (SO2), and ozone (O3) 
were not significant factors after controlling for area socioeconomic status. The 
distribution of residual deviances was used to identify extreme cases (outliers) and is 
presented in Figure 15.  
 
Figure 15. Distribution of residual deviances against predicted values for the fitted 
regression model with childhood asthma hospital admissions as a dependent variable in 
1998 
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There were two extreme cases (cases 30 and 44) seen above and below absolute 
cut-off value of 2.5 as acceptable upper and lower residual deviance distribution limits. 
Final fitted regression model with and without selected outliers were used to calculate 
DFBETAS values and to estimate the influence of these extreme cases on model 
parameters. Calculated DFBETAS estimates are shown below in Table 52.  
Selected extreme cases were not influential to effect final model regression 
parameters (DFBETAS <0.3), and, therefore, were retained in the final model. Final 
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model parameter estimates were transformed by using natural antilogarithm 
transformation for further model parameter interpretation. Transformed regression model 
parameter estimates with corresponding 95% confidence limits are presented in Table 53.  
 
Table 52. Calculated DFBETAS values for selected extreme cases (outliers) in the 
childhood asthma regression model in 1998 
Regression Model 
Parameters 
Regression 
Coefficient, β(i) 
Difference, ∆β MSE(i) DFBETAS 
Final fitted regression model with extreme cases (outliers) 
White-collar 
occupation 
-0.014 
No vehicles 
available 
0.684 
 
Final fitted regression model without extreme cases (outliers) 
White-collar 
occupation 
-0.007 0.007 4.327 0.001 
No vehicles 
available 
0.072 0.612 4.327 0.141 
 
Table 53. Transformed best-fit childhood asthma hospital admissions regression model 
parameter estimates (1998) 
 
Parameter 
 
Parameter estimate 
 
 
Transformed estimate 
 
95% CI 
White-collar occupation -0.014 1.014 1.002-1.026 
No vehicles available 0.684 1.071 1.054-1.087 
 
Transformed final best-fit model parameter estimates suggested that the decrease in 
the percentage of people employed in white-collar occupations and corresponding 
increase in the percentage of people without access to personal vehicle by 1 percent could 
explain the increase in childhood asthma hospital admission rates by 1.4% and 7.1% 
respectively.  
 Finally, the stepwise backward selection model building analysis of childhood 
asthma hospital admission model revealed that the percentage of people living below 
poverty and also environmental exposure to ambient air pollution by sulfur dioxide were 
significant predictors of hospitalizations for childhood asthma by postal zip code area of 
residence in 1999 (see Appendix H). Residual deviance scatter plot was used to identify 
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and explore extreme cases (outliers). The distribution of extreme cases represented by 
residual deviance of equal or more than absolute value of 2.5 against corresponding 
predicted value of childhood asthma hospitalization by the fitted model is illustrated in 
Figure 16.  
 
Figure 16. Distribution of residual deviances against predicted values for the fitted 
regression model with childhood asthma hospital admissions as a dependent variable in 
1999 
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Table 54. Transformed best-fit childhood asthma hospital admissions regression model 
parameter estimates (1999) 
 
Parameter 
 
 
Parameter estimate 
 
Transformed estimate 
 
95% CI 
Poverty  0.0561 1.0577 1.044-1.071 
Sulfur dioxide (SO2) 0.3887 1.4751 1.239-1.755 
 
There were no extreme case values (above or below absolute residual deviance 
value of 2.5) identified and the final model was accepted as accurate to predict childhood 
asthma hospitalizations by geographical area of residence. Final fitted model regression 
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parameters were transformed for further interpretation and are presented above in Table 
54.  
Best-fit model parameter estimates suggested that the decrease in the increase in the 
percentage of people living below poverty level by 1 percent and in ambient environment 
air pollution by sulfur dioxide by 0.1 ppb may explain the growth of childhood asthma 
hospitalizations by 5.7 and 4.75 percents respectively.  
 
Adult asthma hospital admissions 
The influence of environmental exposure to selected criteria ambient air pollutants 
on adult asthma hospitalization rates by zip code area of residence while controlling for 
residential area socioeconomic status, was explored separately and is presented below. 
Three comparative log-linear regression models of hospitalizations for adult asthma were 
developed to estimate the association between local environmental exposure to ambient 
air pollution and hospitalization for adult asthma after the adjustment to selected area 
socioeconomic status characteristics in 1997, 1998, and 1999. Initial multiple model 
analysis results and subsequent stepwise backward selection model building procedures 
are presented in Appendix H.  
 Percentages of people living below poverty level and single parents with children 
or at least one child, and households with house heating by fuel by geographical area of 
residence were found to be significant predictor variables for adult asthma hospitalization 
rates in 1997. Accordingly, the percentage of people living below poverty, households 
living in houses with fuel as main source of heat, and residing in houses with lacking 
kitchen or plumbing facilities were significant independent factors in the final best-fit 
regression model in 1998. Finally, asthmatic adults living below poverty, residing in less 
crowded housing conditions (less than 1 person in room per house), and less likely to be 
employed in professional or managerial occupations were at higher risk of hospitalization 
for asthma. Poverty was an important factor of adult asthma hospitalizations and also was 
found to be a single significant predictor of hospital admissions in single log-linear 
regression analyses (p<0.0001) during the overall period of study in 1997, 1998, and 
1999 (see Appendix H).   
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 The distribution of residual deviances versus predicted values of adult asthma 
hospital admissions in 1997 is given in Figure 17. 
 
Figure 17. Distribution of residual deviances against predicted values for the fitted 
regression model with adult asthma hospital admissions as a dependent variable in 1997 
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Residual analysis has disclosed only one extreme case (case 44, see Appendix H). 
Final fitted regression models with and without selected outlier were compared to explore 
the influence and effect of this extreme case on model parameters. Calculated DFBETAS 
values for selected outlier are presented in Table 55. 
Calculated difference between regression model parameters and DFBETAS 
estimates disclosed that case 44 was not influential and could be retained in the model 
without further remedy measures. Final fitted model parameter estimates were 
transformed by using anti-log transformation for further interpretation purposes. Obtained 
initial and transformed model parameter estimates with corresponding 95 percent 
confidence intervals are represented in Table 56.  
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Table 55. Calculated DFBETAS values for selected extreme cases (outliers) in the adult 
asthma regression model in 1997 
Regression Model 
Parameters 
Regression 
Coefficient, β(i) 
Difference, 
∆β 
MSE(i) DFBETAS 
Final fitted regression model with extreme cases (outliers) 
Poverty 
 
0.036 
House heating by fuel 
 
0.157 
Single parent family 
with children 
0.055 
 
Final fitted regression model without extreme cases (outliers) 
Poverty 
 
0.036 0 5.030 0.000 
House heating by fuel 
 
0.147 0.010 5.030 0.001 
Single parent family 
with children 
0.052 0.003 5.030 0.001 
 
Table 56. Transformed best-fit adult asthma hospital admissions regression model 
parameter estimates (1997) 
 
Parameter 
 
 
Parameter estimate 
 
Transformed estimate 
 
95% CI 
Poverty 
 
0.036 1.037 1.015-1.059 
House heating by fuel 
 
0.157 1.082 1.003-1.364 
Single parent family with 
children 
0.055 1.057 1.011-1.104 
 
Transformed final best-fit model parameter estimates suggested that the increase in 
the percentage of people living below poverty and in the houses heated by fuel in the area 
of residence by 1% could increase adult asthma hospital admission rates by 3.7% and 
8.2% respectively. In addition, if the percentage of single parent families with children or 
at least one child were increased by residential area by 1%, hospitalization rates for adult 
asthma could increase by 5.7% accordingly.  Ambient air pollution by particulate matter 
(PM10), sulfur dioxide (SO2), and ozone (O3) were not significant factors after the 
adjustment to area socioeconomic status in the multiple regression analysis.  
Percentage of people living below poverty and residing in houses lacking kitchen 
and/or plumbing facilities were also shown to be significant independent variables in the 
multiple regression model of adult asthma hospitalizations by zip code area of residence 
in 1998. The percentage of people residing in the houses heated by fuel was also an 
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important factor to explain the increase of hospital admissions for adult asthma in the 
selected study area in 1998. Environmental exposure to ambient air pollution by 
particulate matter (PM10), sulfur dioxide (SO2), and ozone (O3) were not significant 
factors after the adjustment to area socioeconomic status in the multiple regression 
analysis.  
The distribution of residual deviances against predicted values by the model were 
used to explore extreme cases (outliers) and is presented in Figure 18. There was only 
one extreme case identified. Final fitted models with and without extreme case (case 14) 
were compared to calculated DFBETAS estimates and to evaluate the influence of 
selected outlier on best-fit model parameters. Calculated DFBETAS are given below in 
Table 57. Estimated difference between regression model parameters concluded that 
selected outlier (case 44) was not influential and could be kept in the final fitted model. 
Obtained transformed model parameter estimates with corresponding 95 percent 
confidence intervals are represented below in Table 58.  
 
Figure 18. Distribution of residual deviances against predicted values for the fitted 
regression model with adult asthma hospital admissions as a dependent variable in 1998 
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Table 57. Calculated DFBETAS values for selected extreme cases (outliers) in the adult 
asthma regression model in 1998 
Regression Model 
Parameters 
Regression 
Coefficient, β(i) 
Difference, ∆β MSE(i) DFBETAS 
Final fitted regression model with extreme cases (outliers) 
Poverty 
 
0.074 
House heating by 
fuel  
0.224 
Lacking kitchen or 
plumbing facilities 
-0.235 
 
Final fitted regression model without extreme cases (outliers) 
Poverty 
 
0.072 0.002 4,792 0.000 
House heating by 
fuel  
0.216 0.008 4.792 0.001 
Lacking kitchen or 
plumbing facilities 
-0.221 0.014 4.792 0.002 
 
Table 58. Transformed best-fit adult asthma hospital admissions regression model 
parameter estimates (1998) 
 
Parameter 
 
 
Parameter estimate 
 
Transformed estimate 
 
95% CI 
Poverty 0.074 1.077 1.058-1.096 
House heating by fuel  0.224 1.251 1.075-1.455 
Lacking kitchen or 
plumbing facilities 
 
-0.235 
 
1.264 
 
1.434-1.115 
 
Based on transformed fitted model parameter estimates, the increase in the 
percentage of people living below poverty by 1% could increase adult asthma hospital 
admission rates by 7.7%. Even relatively small increase by 0.1% in the percentage value 
of houses heated by fuel and houses lacking kitchen and plumbing facilities could 
increase adult asthma hospitalization rates within selected geographical area of residence 
by 2.5% and 2.6% respectively.  
Percentage of people living below poverty level and less crowded conditions with 
less chance to be employed in white-collar professional occupations were the only 
significant factors in final best-fit regression model of adult asthma hospital admission 
rates by geographical area of residence in 1999. Environmental exposure to ambient air 
pollution by particulate matter (PM10), sulfur dioxide (SO2), and ozone (O3) were not 
significant factors after the adjustment to area socioeconomic status in 1999. The 
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distribution of model residual deviances against predicted values was plotted to explore 
extreme cases (see Figure 19).  
Three extreme cases (cases 30, 35 and 44) were identified as outliers. The 
significance and influence of selected outliers on model parameters was explored by 
comparing final fitted models constructed with and without aforementioned extreme 
cases. 
 
Figure 19. Distribution of residual deviances against predicted values for the fitted 
regression model with adult asthma hospital admissions as a dependent variable in 1999 
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Obtained DFBETAS estimates are presented in Table 59. There was no significant 
influence shown by selected extreme cases (outliers) on the fitted regression model 
parameters (DFBETAS <0.3), and, therefore, these outliers were retained in the final 
model. 
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Table 59. Calculated DFBETAS values for selected extreme cases (outliers) in the adult 
asthma regression model in 1999 
Regression Model 
Parameters 
Regression 
Coefficient, β(i) 
Difference, ∆β MSE(i) DFBETAS 
Final fitted regression model with extreme cases (outliers) 
Poverty 
 
0.067 
White-collar 
occupation 
-0.016 
Overcrowded 
housing conditions 
-0.043 
 
Final fitted regression model without extreme cases (outliers) 
Poverty 
 
0.072 0.005 6.326 0.001 
White-collar 
occupation 
-0.020 0.004 6.326 0 
Overcrowded 
housing conditions 
-0.0627 0.019 6.326 0.003 
 
Final model parameter estimates were transformed by using natural antilogarithm 
transformation for further model parameter interpretation. Transformed regression model 
parameter estimates with corresponding 95% confidence limits are presented in Table 60.  
 
Table 60. Transformed best-fit adult asthma hospital admissions regression model 
parameter estimates (1999) 
 
Parameter 
 
 
Parameter estimate 
 
Transformed estimate 
 
95% CI 
Poverty 
 
0.067 1.069 1.045-1.092 
White-collar 
occupation 
-0.016 1.016 1.003-1.029 
Overcrowded 
housing conditions 
-0.043 1.044 1.003-1.085 
 
Based on the estimates of transformed model parameter estimates, the increase in 
the percentage of people living below poverty by 1% could explain the increase in 
hospitalizations for adult asthma by 6.9%. Finally, the decrease in the percentage of 
people employed in white-collar professional occupations and living in overcrowded 
conditions could increase adult asthma hospitalization rates over the selected 
geographical area of residence by 1.6% and 4.3% respectively. 
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Area Socioeconomic Deprivation Index and Asthma Hospitalizations 
 
Calculated area socioeconomic deprivation index represented complex composite 
socioeconomic status of residential area, and was used to evaluate the association 
between hospitalizations for childhood and adult asthma and environmental exposure to 
ambient air pollution by particulate matter, sulfur dioxide, and ozone by geographical 
area of residence while controlling for complex multidimensional area socioeconomic 
deprivation index. Initial log-linear regression model design and best-fit stepwise 
regression model building techniques were applied in similar fashion to previous area 
socioeconomic status characteristics analysis and were explained earlier (see 
Methodology). Selected geographical study area included total 44 postal zip code areas of 
residence in Hillsborough County, FL. Calculated area socioeconomic deprivation status 
index and environmental exposure to ambient air pollution by selected geographical area 
of residence were used to develop the best-fit model for childhood and adult asthma 
hospital admissions as main dependent outcome variables of interest.  
Separate analyses were provided for hospital admissions for childhood and adult 
asthma correspondingly. The children and adult population groups by separate zip code 
area of residence were defined as offset variables (ti) in the stepwise model building 
procedures. The study period covered the year 1999, however, comparative log-linear 
multiple regression equations were designed to explore the association between asthma 
hospitalizations and environmental exposure to selected criteria ambient air pollutants 
after the adjustment to residential area socioeconomic deprivation index in 1997 and 
1998. Ambient air quality data by zip code area of residence in 1999 most closely 
corresponded to the US Census 2000 data on demographic and socioeconomic 
characteristics of residential area which reflected to and were collected during the year 
1999. Therefore, the association between asthma hospitalizations and local environmental 
exposure controlling for socioeconomic deprivation status by selected residential area 
were explored in more details and were also used to build and verify final best-fit 
predictive model in Hillsborough County, FL, in 1999. Final best-fit regression model 
was validated to evaluate the accuracy of model prediction by using independent data 
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outside of our study area. The error mean square (MSE) and mean square prediction 
error (MSPR) estimates were calculated to validate fitted predictive model and also to 
estimate the accuracy of developed best-fit regression model (see 2.2. Methodology, 
Chapter 2, p. 63). The initial multiple log-linear regression model and final results of 
stepwise backward selection model building analyses are presented in Appendix I. 
 
Childhood asthma hospital admissions 
Number of hospital admissions for childhood asthma as a primary diagnosis was 
used as the main outcome of interest. The total children population by separate zip code 
area of residence was defined as offset variable using the OFFSET option in SAS. The 
behavior and possible interaction of socioeconomic deprivation index with selected 
environmental exposure to ambient particles, ozone and sulfur dioxide by area of 
residence was evaluated by using a log-linear function as the link function and interaction 
terms included in the fitted regression model.  
The initial model chosen for stepwise backward model analysis had 39 degrees of 
freedom (df=39). Poisson regression model was evaluated using the deviance estimates of 
different models and conducting test based on partial deviances.66 Overall goodness of fit 
test based on the model deviance and Pearson chi-square statistics suggested 
overdispersion. Pearson chi-square scaled parameter (PSCALE option in SAS) was 
applied to control for the overdispersion and to assure that the model is adequate to 
explain for overdispersion. The model scale parameter was φ=1.23.  The final stepwise 
backward selection model building analyses disclosed that only area socioeconomic 
deprivation index and environmental exposure to sulfur dioxide were significant factors 
to explain increase in hospital admissions for childhood asthma by zip code area of 
residence. The significance of each single model parameter was evaluated by its chi-
square estimate and corresponding p-value. Next step stepwise regression model retained 
all factors but the one with highest p-value or least significant variable. Environmental 
exposure to ambient particle and ozone were excluded as not significant factors from the 
second and third step regression models respectively (see Appendix I). The final best-fit 
model included only significant variables based on chi-square statistics and significance 
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level of p> (α=0.05). The residential area SDI and ambient air pollution by sulfur dioxide 
were significant explanatory variables retained in the final model. The analysis of 
interaction terms between area socioeconomic status and ambient particle, ozone and 
sulfur dioxide exposure disclosed that none of the interaction terms was significant in the 
multiple regression analyses. There was no interaction or effect modification effect 
between area socioeconomic deprivation status and local environmental characteristics 
shown in the model. The residual deviance analysis disclosed that there is no extreme or 
outlying cases in the data set used to fit the final regression model (see Figure 20).  
 
Figure 20. Distribution of residual deviances against predicted values for the fitted 
socioeconomic deprivation index and sulfur dioxide regression model with childhood 
asthma hospital admissions as a dependent variable 
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By using antilogarithm function significant model parameters were transformed for 
interpretation purposes. The list of transformed parameters with corresponding 95% 
confidence intervals (95% CI) retained in the final regression model is presented in Table 
61.  
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Table 61. Transformed best-fit childhood asthma hospital admissions regression model 
parameter estimates 
 
Parameter 
 
 
Parameter estimate 
 
Transformed estimate 
 
95% CI 
 
SDI 
 
0.0593 
 
1.061 
 
1.046 – 1.076 
 
SO2 
 
0.4161 
 
1.516 
 
1.268 – 1.813 
 
Based on parameter estimates we could predict that the increase in socioeconomic 
deprivation index of residential area by 1 single unit will result in the increase of hospital 
admissions for childhood asthma by 6.1% in a given area of residence. Correspondingly, 
the increase in sulfur dioxide concentration by 0.1 ppb could increase hospital admissions 
for childhood asthma by 5.2%. The significant predictive effect of residential area 
socioeconomic deprivation status as a single independent predictor variable was 
concluded in a subsequent simple log-linear regression model. The socioeconomic 
deprivation index by itself was able to explain an increase in hospital admissions for 
childhood asthma.  
 
Figure 21. Scatter plot of area socioeconomic deprivation index and childhood asthma 
hospitalizations 
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The scatter plot of area socioeconomic deprivation status and childhood asthma 
hospitalizations is presented above in Figure 21. The distribution of model residual 
deviances against predicted values was plotted to identify extreme cases (outliers) and to 
explore the influence of these extreme cases on regression model parameters. The 
accuracy of fitted regression model to predict asthma hospital admissions as our outcome 
of interest was evaluated by error deviances retained within statistically acceptable 
deviance range of plus-minus 2.5 as a reference value.66 Other cases above or below 
selected cut-off point value were identified as extreme cases or outliers. 
The distribution of residual deviances versus predicted values of hospital 
admissions for childhood asthma is represented in Figure 22.  
 
Figure 22. Distribution of residual deviances against predicted values for the fitted 
socioeconomic deprivation index regression model with childhood asthma hospital 
admissions as a dependent variable 
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Four cases were identified as extreme cases (or outliers): case 10 representing zip 
code 33566 (residual deviance was equal -3.11), case 18 representing zip code 33594 (-
2.84), case 26 representing zip code 33609 (2.49), and case 27 representing zip code 
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33610 (2.52). DFBETAS estimates for each outlying case were calculated to evaluate the 
influential effect of each outlier on regression coefficients. Differences between the 
regression coefficients in the fitted models (β) and in the models without an outlier (β(i)), 
and error mean square values obtained when the outlier is deleted (MSE(i)) with its 95% 
Confidence limit intervals (95% CL) are given for each outlying case separately in Table 
62.  
The DFBETAS analysis suggested that by deleting one or all extreme cases there 
was virtually no change in regression coefficients, and that selected outlying cases are not 
influential to require remedial measures. Fitted regression model parameters were not 
influenced by selected extreme cases (outliers).  
 
Table 62. Calculated DFBETAS values for selected extreme cases (outliers) in the 
childhood asthma regression model in 1999 
Extreme case 
(outlier) 
Regression 
Coefficient, β  
Regression 
Coefficient, β(i) 
Difference, 
∆β 
MSE(i) DFBETAS 
Case 10 0.0743 0.0734  0.0006 37.93 0.00010 
Case 18 0.0743 0.0783 -0.0043 37.57 0.00070 
Case 26 0.0743 0.0717  0.0023 33.89 0.00040 
Case 27 0.0743 0.0759 -0.0019 39.79 0.00030 
All cases  0.0743 0.0774 -0.0031 42.03 0.00048 
 
Antilogarithm transformation function was used to transform a significant fitted 
model parameter estimate with its 95% confidence intervals (95% CI) for interpretation 
purposes. The final transformed parameter estimated was 1.077 with 95% CI: 1.061-
1.094. Therefore, the increase of socioeconomic deprivation index in the area of 
residence by 1 index score will result in the increase of hospital admission rates for 
childhood asthma by 7.7% in a given area of residence. The comparative log-linear 
regression models supported the conclusion that area socioeconomic deprivation index 
could be used as a single independent predictors of childhood asthma hospitalizations in 
1997 and 1998 (see Appendix I). In 1997, area socioeconomic deprivation and exposure 
to ambient air pollution by sulfur dioxide were the only significant factors in the final 
fitted model. Accordingly, in 1998, area socioeconomic deprivation status was the only 
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single significant factor to explain the increase in hospitalizations for childhood asthma 
by selected area of residence. Environmental exposure to ambient air pollutants by 
particulate matter, sulfur dioxide and ozone were not significant variables after the 
adjustment to area socioeconomic status and were excluded in the stepwise backward 
selection model building procedures from the final fitted model. Transformed parameter 
estimates suggested that the increase in area socioeconomic deprivation index as a single 
independent predictor by 1 unit may increase hospitalizations for childhood asthma by 
7.9% in 1997 and by 8.3% in 1998 respectively. This conclusion supported our previous 
multiple regression model analysis results in 1999. Final fitted regression model of 1999 
was further used to assess the accuracy of model prediction by using independent data 
outside our main study area.  
 
Adult asthma hospital admissions  
The initial model chosen for stepwise backward model analysis had 39 degrees of 
freedom (df=39). Scaled Pearson chi-square parameter was applied to control for and to 
assure that the model is adequate to explain for overdispersion. Scale parameter value 
was φ=1.54.  The initial model in the stepwise backward selection model building 
process indicated that area socioeconomic deprivation index was the only significant 
factor able to explain increase in hospital admissions for childhood asthma by zip code 
area of residence. The significance of each single model parameter was evaluated by its 
chi-square statistics and corresponding p-value. Environmental exposure to sulfur 
dioxide, ozone and ambient particle were not significant factors and were excluded from 
the second, third and fourth step model building procedures respectively (see Appendix 
F). The final best-fit model included only variables based on chi-square statistics and 
significance level of p> (α=0.05). The SDI score was a significant factor to explain the 
increase of adult asthma hospitalizations and was retained in the final model. The scatter 
plot of socioeconomic indices and adult asthma hospitalizations by zip code area of 
residence is presented in Figure 23. 
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Figure 23. Scatter plot of area socioeconomic deprivation index and adult asthma 
hospitalizations in 1999 
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Figure 24. Distribution of residual deviances against predicted values for the fitted 
socioeconomic deprivation index regression model with adult asthma hospital admissions 
as a dependent variable in 1999 
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The interaction terms between socioeconomic deprivation index and ambient 
particles, ozone and sulfur dioxide included in the model were not significant factors to 
explain for adult asthma hospitalization admissions by area of residence. The residual 
analysis was conducted to identify outlying cases and to evaluate their influence on the 
regression model. The distribution of residual deviance versus predicted values is shown 
above in Figure 24. Four cases or 6.8% out of original data set were identified as extreme 
cases (or outliers). The case 16 represented zip code area 33592 and respective residual 
deviance value for this outlying case was equal 2.58 (see Appendix I). The zip code area 
33605 was also defined as an outlying case (case 22) with corresponding residual 
deviance value of -2.73. The case 33 and 44 represented zip codes 33617 and 33647 and 
had residual deviance estimates of -2.75 and case -5.1 accordingly. DFBETAS estimates 
for each outlying extreme case were obtained to evaluate influential outliers. Differences 
between the fitted model regression coefficients (β) and in the regression models without 
selected outlier (β(i)), error mean square values obtained when the outlier is deleted 
(MSE(i)) and its 95% confidence limits (95% CL) are given in Table 63.  
 
Table 63. Calculated DFBETAS values for selected extreme cases in the adult asthma 
regression model 
Extreme case 
(outlier) 
Regression 
Coefficient, β  
Regression 
Coefficient, β(i) 
Difference, 
∆β 
MSE(i) DFBETAS 
Case 16 0.0644 0.0651 -0.0007 48.51 0.00010 
Case 22 0.0644 0.0744 -0.01 40.39 0.00157 
Case 33 0.0644 0.0638  0.0006 43.37 0.00009 
Case 44 0.0644 0.0612  0.0032 43.90 0.00048 
All cases  0.0644 0.0708 -0.0064 49.80 0.00091 
 
All DFBETAS estimates were below established reference cut-off point value of 
n
2  or 0.3. There was only a slight but not significant difference between the fitted 
model parameter estimate (β) and parameter estimates with deleted outlying cases (β(i)). 
The DFBETAS analysis proved that fitted regression model parameter estimates were not 
significantly influenced by selected extreme cases (outliers).  
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Antilogarithm transformation function was used to transform fitted regression 
model parameter ant its 95% confidence intervals (95% CI) for final parameter 
interpretation. The transformed model parameter estimate was equal to 1.067 with 95% 
CI: 1.051-1.082. Therefore, the increase of area socioeconomic deprivation index by 1 
unit will result in the increase of childhood asthma hospital admission rates by 6.7 % in a 
given area. The analysis of adult asthma hospitalization rates in 1997 and 1998 revealed 
that area socioeconomic deprivation status together with environmental exposure to 
ambient particles over the area of residence were significant explanatory factors retained 
in the final best-fit models (see Appendix I). Simple log-linear regression analysis also 
concluded that area socioeconomic deprivation status was a single significant 
independent predictor of adult asthma hospitalization rates and accounted for the increase 
in hospitalizations by 7.5% in 1997 and by 7.2% in 1998 respectively. Final fitted 
regression model was used to evaluate the accuracy of model prediction by using 
independent data outside of our study area.  
 
1.3.5. Validation of predictive regression model 
 
Childhood asthma hospital admissions  
The fitted regression model was selected and used to evaluate the accuracy of 
model prediction by using independent data outside our study area. The best-fit 
regression model could be represented as: 66 
ln(Yi) = β0 + β*Xi + ln(ti) , where Yi – predicted variable by the model; Xi – 
independent predictor variable; ln (ti) – offset term representing population size (ti). The 
final predictive regression model of total number of hospital admissions for childhood 
asthma by postal zip code area could be represented as follow:  
Predicted childhood asthma hospital admissions = exp(-6.489 + 0.0743*SDI 
+ ln(children population size))      
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Table 64. Actual and predicted estimates of childhood asthma hospital admissions by zip 
code area of residence in Pinellas County, FL, 1999  
Zip 
Code 
Total 
Population 
Children 
Population 
Childhood 
Asthma 
Predicted 
Childhood 
Asthma 
Error 
Estimate 
SDI 
 
33701 15374 1881 7 11 -4 18.6 
33702 30058 4637 11 11 0 6.1 
33703 25063 4469 14 9 5 4.4 
33704 16714 2823 6 6 0 5.5 
33705 28083 6180 46 31 15 16.1 
33706 17376 1380 0 3 -3 4.5 
33707 26542 3069 9 9 0 8.8 
33708 17199 1365 1 3 -2 5.5 
33709 26039 3951 9 12 -3 9.0 
33710 33213 5666 13 13 0 5.8 
33711 19915 4385 33 20 13 14.5 
33712 26222 5968 34 25 9 13.8 
33713 31273 6087 26 19 7 10.0 
33714 17753 3151 13 13 0 13.2 
33715 7403 501 3 1 2 2.5 
33716 10409 978 5 2 3 6.9 
33755 26061 5120 49 20 29 12.4 
33756 29081 4740 15 14 1 9.0 
33759 20071 3836 18 13 5 11.0 
33760 16958 2832 6 10 -4 10.8 
33761 19594 2683 3 6 -3 4.1 
33762 6818 702 0 1 -1 2.6 
33763 18029 1682 5 4 1 4.9 
33764 23673 3476 6 8 -2 5.9 
33765 13403 1946 3 5 -2 7.8 
33767 9765 537 4 1 3 4.3 
33770 24394 3397 12 9 3 7.2 
33771 29225 3620 13 9 4 6.9 
33772 23232 3359 7 7 0 4.9 
33773 16369 2894 2 6 -4 4.8 
33774 18431 2916 15 7 8 5.9 
33776 13388 2360 4 4 0 1.7 
33777 17328 3236 6 7 -1 5.1 
33778 13639 2349 8 6 2 6.0 
33781 25287 5208 15 15 0 8.6 
33782 19527 3116 7 7 0 5.8 
33785 5949 470 2 1 1 3.3 
34677 19628 3983 7 8 -1 3.5 
34683 34025 6605 11 13 -2 3.7 
34684 27429 3974 5 9 -4 4.7 
34685 17559 3760 8 7 1 2.6 
34689 28752 4647 14 11 3 6.6 
34695 18156 3191 5 6 -1 3.5 
34698 34235 4346 9 10 -1 6.1 
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The final fitted regression model was selected for the validation of model precision 
with independent data. The hospital admission rates for childhood asthma by zip code 
areas of residence in Pinellas County, FL, in 1999, were used to validate selected 
predictive model based on original data set error mean square (MSE) and mean square 
prediction error (MSPR) values. Close values suggest that the selected best-fit regression 
model is not seriously biased and gives an appropriate indication of the predictive ability. 
The actual and predicted number of hospital admissions for childhood asthma by 
zip code area of residence by using the selected fitted regression model and new 
independent data set is presented in Table 64. Pearson correlation analysis revealed 
strong significant association between actual and predicted by the model childhood 
asthma hospital admission number for childhood asthma by zip code area of residence 
(correlation coefficient r=0.9, p<0.0000). Calculated estimate of mean square prediction 
error (MSPR) was compared with a value of error mean square (MSE) based on original 
data set to estimate the predictive ability of the model. 
The MSPR estimate (MSPR=38.2) was very close to MSE value (MSE=41.1 with 
standard error estimate SE=9.77 and 95% CI: 21.4 – 60.8)). Therefore, the error mean 
square for the selected predictive model is not seriously biased and gives an appropriate 
indication of the predictive ability for the model.  
 
Adult asthma hospital admissions  
The log-linear fitted regression model was used to validate and to evaluate the 
accuracy of model prediction by using independent data outside of our main study area of 
Hillsborough County, FL, in 1999. The final fitted regression model could be written 
as:66 
ln(Yi) = β0 + β*Xi + ln(ti) , where Yi – predicted variable by the model; Xi – 
independent predictor variable; ln (ti) – offset term representing population size (ti). The 
final predictive regression model of the total number of hospital admissions for adult 
asthma by postal zip code area could be represented as follow: 
Predicted adult asthma hospital admissions = exp(-7.4637 + 0.0644*SDI + 
ln(adult population size))      
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Table 65. Actual and predicted estimates of adult asthma hospital admissions per 10,000 
population by zip code area of residence in Pinellas County, FL, 1999 
Zip 
Code 
Total 
Population 
Adult 
Population 
Adult 
Asthma 
Predicted 
Adult 
Asthma 
Error 
Estimate SDI 
33701 15374 13493 15 26 10.7 18.6 
33702 30058 25421 19 22 2.6 6.1 
33703 25063 20594 9 16 6.7 4.4 
33704 16714 13891 5 11 6.3 5.5 
33705 28083 21903 28 35 7.3 16.1 
33706 17376 15996 8 12 4.3 4.5 
33707 26542 23473 17 24 6.8 8.8 
33708 17199 15834 17 13 -4.1 5.5 
33709 26039 22088 18 23 4.6 9.0 
33710 33213 27547 15 23 7.9 5.8 
33711 19915 15530 21 23 1.7 14.5 
33712 26222 20254 30 28 -1.8 13.8 
33713 31273 25186 19 27 8.4 10.0 
33714 17753 14602 14 20 5.5 13.2 
33715 7403 6902 4 5 0.7 2.5 
33716 10409 9431 8 8 0.4 6.9 
33755 26061 20941 27 27 -0.3 12.4 
33756 29081 24341 35 25 -10.0 9.0 
33759 20071 16235 16 19 2.9 11.0 
33760 16958 14126 12 16 4.2 10.8 
33761 19594 16911 10 13 2.6 4.1 
33762 6818 6116 2 4 2.2 2.6 
33763 18029 16347 15 13 -2.1 4.9 
33764 23673 20197 22 17 -5.1 5.9 
33765 13403 11457 9 11 1.9 7.8 
33767 9765 9228 10 7 -3.0 4.3 
33770 24394 20997 40 19 -20.8 7.2 
33771 29225 25605 30 23 -7.0 6.9 
33772 23232 19873 20 16 -4.4 4.9 
33773 16369 13475 7 11 3.6 4.8 
33774 18431 15515 9 13 4.0 5.9 
33776 13388 11028 4 7 3.1 1.7 
33777 17328 14092 9 11 2.2 5.1 
33778 13639 11290 11 10 -1.4 6.0 
33781 25287 20079 13 20 7.0 8.6 
33782 19527 16411 19 14 -5.3 5.8 
33785 5949 5479 4 4 -0.1 3.3 
34677 19628 15645 17 11 -5.7 3.5 
34683 34025 27420 18 20 2.0 3.7 
34684 27429 23455 23 18 -4.8 4.7 
34685 17559 13799 10 9 -0.7 2.6 
34689 28752 24105 15 21 6.1 6.6 
34695 18156 14965 11 11 -0.2 3.5 
34698 34235 29889 37 25 -11.6 6.1 
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The final best-fit model was selected for final model validation with independent 
data. Adult asthma hospital admission rates by zip code areas of permanent residence in 
Pinellas County, FL, in 1999, were used to validate selected model based on original data 
set error mean square (MSE) and mean square prediction error (MSPR) values. Fairly 
close values suggest that the selected regression model is not seriously biased and 
confirms the accurate model predictive ability.66 The actual and predicted numbers of 
hospital admissions for childhood asthma by zip code area of residence by using the 
selected fitted regression model and new independent data set is presented above in Table 
65.  
Simple correlation analysis disclosed strong significant correlation between actual 
and predicted hospital admission numbers for adult asthma (correlation coefficient r=0.8, 
p<0.0000). Calculated estimate of mean square prediction error (MSPR) was compared 
with a value of error mean square (MSE) based on original data set to estimate the 
predictive ability of the model. Calculated MSPR (MSPR=35.7) was fairly close to MSE 
estimate and within the range of its confidence limits (MSE=48.7 with standard error 
estimate SE=10.4 and 95% CI: 27.8 – 69.6). Therefore, the error mean square for the 
selected predictive model is not seriously biased and gives an appropriate indication of 
the accurate predictive ability.  
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Chapter 3 
 
SUMMARY DISCUSSION 
 
Distribution of Childhood and Adult Asthma Hospital Admissions in Hillsborough 
County, FL 
 
The rate of asthma has increased dramatically during the last two decades in the 
United States.2 Inner-city ethnic minority children are specific vulnerable population 
groups with the highest prevalence of asthma and asthma-associated hospitalization 
rates.3 Despite its importance, there is minimal surveillance of asthma across the country, 
and no comprehensive surveillance system has been established that measures asthma 
trends at the state or local level.1, 14 Such information however is crucial to identify 
specific high-risk population groups and also to design and evaluate more effective 
preventive intervention measures. 
Population data is usually compiled and easily available for specific administrative 
regions (administrative county districts, postal zip code areas or census wards). Data on 
health outcomes or conditions may be aggregated to administrative health districts or 
postal zip code areas. Our study covered all postal zip code areas in Hillsborough County, 
FL. The principal unit of original data analysis was postal zip code area of residence. The 
total number of 44 postal zip code areas of residence was used to represent the 
geographical area of Hillsborough County, FL. There were no data available on asthma 
hospital admissions for additional five zip code areas of residence (zip code areas 33547, 
33572, 33573, 33621, and 33647). These areas were excluded from any further 
calculations and data analysis. There were no permanent residents of the postal zip code 
area 33620, who were referred and admitted to the hospital. Zip code 33620 is the main 
campus area of University of South Florida, Tampa, FL. Main local residents living in the 
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aforementioned area are undergraduate and graduate students living temporarily in the 
dormitory facilities but with a permanent residence place outside of the area. Population 
of the given area is very mobile and unstable to include into the study. A zip code area 
33620 was also excluded from subsequent data analysis. Our study offered an excellent 
opportunity to evaluate the distribution of asthma hospitalizations and to explore area 
socioeconomic status and environmental exposure to criteria ambient air pollutants as 
possible risk factors for hospital admissions for childhood and adult asthma in a given 
community. The ecological study design provides a unique opportunity to evaluate the 
association in the specific geographic area and draw relevant conclusions about the 
preventive interventions in the population at large. The excess of asthma hospital 
admissions attributable to environmental and/or socioeconomic factors within specific 
small-area of residence could provide the most valuable information and guidelines to 
develop proper intervention policy for asthma management and prevention in our 
communities today.  
The existing differences in asthma hospitalizations could be described by using 
crude, adjusted, or category-specific rates. The decision depends primarily on the 
information that an investigator is trying to obtain or impart. Crude-rates represent the 
actual experience of the population and provide valuable information for the allocation of 
health resources and public health planning.63 Estimated crude asthma hospital admission 
rates varied from 0.9 to 50.35 (average mean value of 15.9, SE=1.67), from 1.22 to 39.81 
(average mean 13.3, SE=1.28, and from 2.28 to 56.95 (average mean 17.14, SE=1.65), 
per 10,000 population by separate zip code area of residence in 1997, 1998 and 1999 
respectively. Represented average crude rates of asthma hospital admissions over the 
selected study area during the period of 1997-1999 correspond closely to the average 
crude rate of asthma hospitalizations (17 per 10,000 population) estimated by the 
National Center for Health Statistics (NCHS) at the Center for Disease Control and 
Prevention (CDC), Atlanta, Georgia.7 
Unfortunately, the fact that the crude values may be confounded by demographic 
characteristics of underlying population subgroups makes the interpretation of study 
results very difficult. Category-specific rates are not confounded by specific factor and 
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provide the most detailed information about the pattern of the disease in a given 
population. Adjusted (standardized) rates provide a summary value that removes the 
effect of the differences in population structure to permit for valid comparisons between 
groups. While the interpretation of a single standardized rate is simple and 
straightforward in the indirect adjustment method, a problem arises when trying to 
compare a number of standardized morbidity ratios from different populations with each 
other. To compare the relative effect of the two or more levels of exposure, the direct 
method of standardization, in which a common standard is used for the two or more 
population groups, is preferred.63,64 For more easy comparison and interpretation, the 
direct method was used for adjustment of asthma hospital admission rates by age, gender, 
and race. By using the standard direct method for adjustment, we were able to control for 
individual’s age, gender and race as possible confounders. Individual information on age, 
gender, and race was used to calculate adjusted rates and to compare standardized rates to 
crude asthma hospital admission rates by postal zip code area of residence during the 
period of 1999. There were no significant differences shown between crude and adjusted 
to both gender and race hospital admission rates. There were no statistically significant 
differences and very strong correlations between both crude and adjusted by age (r=0.99, 
p<0.0000) and by gender (r=0.99, p<0.0000) asthma hospital admission rates by zip code 
area of residence. Race has shown some deviance and disclosed much weaker but still 
significant relationship between crude and adjusted hospitalization rates (r=0.89, 
p<0.001). Therefore, population-based small-area aggregated data analysis and an 
estimated crude association between environmental asthma triggers and socioeconomic 
status characteristics were not biased and confounded by individual characteristics such 
as age, gender and race. Racial differences were accounted for and represented by the 
percentage value of ethnic minorities as permanent residents living in the postal zip code 
area of residence within the study area. Although separate childhood and adult crude 
asthma hospitalization rate analyses disclosed a very strong statistically significant 
association by postal zip code area, hospitalization rates for children were in average 
three-fold higher by separate zip code area of residence in 1997, 1998 and 1999. 
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Therefore, data analysis was conducted separately for children younger than 15 years of 
age and adults of 15 years or older population groups.  
Two separate studies were conducted to explore the association between childhood 
and adult asthma hospital admissions and both environmental asthma triggers and local 
small-area socioeconomic status characteristics. In the first study, the association between 
asthma hospital admissions and environmental asthma triggers was estimated by using 
simple correlation, simple log-linear regression and multiple regression analysis 
techniques over the period of 1997-1999. In the second study, the spatial distribution of 
asthma hospital admissions by postal zip code area of residence was evaluated in 
relationship to specific socioeconomic status characteristics and a complex 
multidimensional socioeconomic deprivation index of postal zip code area of residence. 
Separate comparative studies for each consecutive year were designed to compare study 
results in 1997, 1998 and 1999. Relatively high and low environmental exposure areas by 
single zip code area of residence were estimated and defined to adjust for exposure to 
selected criteria ambient air pollutants and also to evaluate possible confounding and/or 
interaction term effect between selected socioeconomic status characteristics and ambient 
air pollutants.  
  
Association between environmental triggers of asthma and hospital admission 
rates for childhood and adult asthma 
 
Previous epidemiological and clinical-based studies suggested that environmental 
exposure to such criteria ambient air pollutants as particulate matter, sulfur dioxide and 
ozone, to such meteorological conditions as temperature and humidity, and to such 
aeroallergens as tree, ragweed, grass pollen counts could be responsible for the increase 
in asthma prevalence and severe exacerbation of asthma symptoms which would end-up 
in hospitalizations for asthma.27, 29 Our study indicated slight monthly and seasonal 
variation of environmental quality by selected criteria ambient air pollutants, ambient air 
temperature and pollen counts by calendar quarter over time in the Tampa Bay area, FL. 
Decrease in ambient air temperature was shown to be the only significant factor to 
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explain an increase in asthma hospital admission rates and also to explain the crude 
association between asthma hospital admissions and other environmental exposure 
triggers as a third factor because of higher inter-correlation with these environmental 
factors. The average seasonal values of ambient temperature by calendar quarter, ºF, were 
significantly negatively associated with hospitalization for both childhood (r=-0.7, 
p<0.0001) and adult asthma (r=-0.95, p<0.0001). Simple and multiple log-linear 
regression analysis results supported this conclusion. After an adjustment to selected 
ambient air pollutants and other environmental allergens, temperature was the only 
significant factor attributed to the increase in the number of asthma hospital admissions. 
An adult asthmatic group was more sensitive to seasonal environmental changes as 
compared to children asthmatics. There was also a significant association of ambient 
temperature with environmental exposure to sulfur dioxide (r=-0.95, p<0.0000), total 
grass (r=0.76, p<0.0001) and tree pollen counts (r=-0.69, p<0.0001). Crude and adjusted 
associations between adult asthma hospital admissions and both tree and grass pollen 
seasonal counts disclosed that the statistically significant crude association was not 
significant after adjustment to temperature and other environmental asthma triggers in the 
multiple linear regression model. The association could be explained by the strong 
significant correlation with ambient temperature which is not estimated in the crude 
single variable correlation analysis and could confound final conclusions if based only on 
crude analysis results. Because of a high correlation among various environmental 
triggers, one should carefully draw conclusions on the crude associations between asthma 
hospital admissions and a single environmental factor. There was no association shown 
between total weed pollen exposure and hospital admissions for childhood or adult 
asthma disclosed over time in the study. There was also no significant association 
between the number of hospital admissions for both childhood and adult asthma and 
seasonal environmental exposure to ambient particles, sulfur dioxide and ozone in both 
simple and stepwise backward selection multiple log-linear regression analyses over the 
total study period by calendar quarter.  
The stepwise backward-selection regression model building techniques were used 
to estimate the association between asthma hospital admissions and environmental 
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triggers of asthma after adjustment to possible confounders in the model over the total 
period of study 1997-1999. The multiple regression analysis proved that ambient 
temperature was the only significant factor associated with both childhood and adult 
asthma hospital admissions after adjustment for other possible risk factors and 
confounders. There were no statistically significant interaction effects shown between 
temperature and other environmental asthma triggers in the regression model. Adult 
asthmatics were shown to be more sensitive to decrease in ambient temperature. Best-fit 
log-linear regression model parameter estimates suggest that a seasonal decrease in 
ambient temperature by 10 °F could account for up to 32% and 42.6% increase in the 
number of hospital admissions for children and adult groups respectively. A sudden 
decrease in temperature during the cold season could explain an increase in 
hospitalizations for childhood and adult asthma in the late fall and winter.  
Because of limited availability of individual-based data, we could not estimate a 
daily or selected time-lag association between environmental exposure to asthma triggers 
and severe exacerbations of asthma, and could estimate a possible association based only 
on seasonal variations. The seasonal associations could not represent and could not be 
used to explain possible daily effects of ambient air pollution and other environmental 
asthma triggers on asthma. However, our study results strongly suggest that there are 
explanatory factors other than environmental exposure to ambient air pollution and 
aeroallergens which are more important in exacerbation of asthma in the selected study 
area. Multiple regression analysis also suggests that one should be very careful in trying 
to explain possible associations and draw final conclusions based only on the estimated 
crude associations and results of simple correlation analysis. Advanced two-stage 
hierarchical models and advanced statistical data modeling techniques were proposed to 
develop a standard approach for the assessment of the various chronic health effects of air 
pollution in the national multi-city analysis design.33-36 and should be used for future 
studies in order to evaluate the effect of daily changes in urban ambient air quality on 
hospital admissions childhood and adult asthma. John Samet, together with other 
colleagues from John Hopkins University, proposed an innovative approach by using 
Bayesian semi-parametric hierarchical models to estimate health effects over time within 
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a selected city and to compare temporal patterns across cities and geographical regions.33-
35 Potential confounders were addressed in the aforementioned studies, but some of the 
existing limitations are obscuring interpretation and dissemination of study findings. The 
main limitations could be explained by bias in case definition, exposure assessment, and 
confounding effect of other possible risk factors. Very large geographical areas were 
represented with a limited number of air quality monitoring sites using an average air 
quality value at the air monitoring site as an indicator of a single individual personal 
exposure. The composition of particulate matter is an important characteristic of ambient 
particles and is known to vary by spatial domain. The composition of particulate matter 
in separate cities was not evaluated and discussed in these studies. Correlation with an 
overall hierarchical model was not always supported by significant association within a 
single city. Study cases were defined and selected too broadly to prove biological 
plausibility because investigators look at total or all cardio-respiratory mortality which 
makes causal interpretations of study findings very questionable. As concluded by the 
authors, county socioeconomic characteristics do not reflect existing strong variations 
within the county and cannot represent individual socioeconomic status. The ecological 
association could not be defined as causal and could be also explained by chance or 
another third factor. Our study extends previous work in two directions. First, the 
socioeconomic status was evaluated at small-geographical areas dividing urban area or 
different counties into postal zip code areas of residence and including different social 
status, economical and demographic characteristics based on previous empirical studies 
and preliminary crude association analysis results. Second, the accuracy of ambient air 
pollution exposure assessment was increased by spatial interpolation and modeling of 
geographically coded data. Instead of taking a simple arithmetic average of selected 
pollutant concentration at limited number of ambient air monitoring stations within a 
large geographical area we were able to estimate more accurate environmental exposure 
by small geographical area of residence by using spatial interpolation. Adjacent county 
areas were also used to increase the number of point sample concentration measurements, 
and also to increase the accuracy of average environmental exposure assessment over the 
selected study area. Strongly limiting our study was the unavailability of data on daily 
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hospital admissions for childhood and adult asthma, which prohibited us from exploring 
daily or various time-lag associations between environmental exposure and asthma 
hospitalizations. The complex multidimensional socioeconomic deprivation index was 
also constructed by using standard principal component analysis techniques to represent 
complex composite socioeconomic status differences by the area of residence. Future 
studies should be directed to evaluate the multi-city daily and various time-lag effects of 
environmental exposure to ambient air pollution, controlling for unbiased and accurately 
defined both small-area and individual socioeconomic status characteristics and for other 
possible asthma triggers, such as home environment, behavioral and life-style 
characteristics, in the multiple regression model analysis.  
Preliminary evaluation of the geographical distribution of hospital admissions for 
total, childhood and adult asthma by zip code area of residence disclosed the cluster of 
annual asthma hospital admissions within specific geographical areas of residence which 
was consistent over the overall period of study in 1997, 1998, and 1999. The next step 
undertaken was to evaluate the association between diverse small-area socioeconomic 
status indicators and hospitalizations for childhood and adult asthma by geographical area 
of residence after controlling for average surrogate estimate of environmental exposure to 
separate selected ambient air pollutant over the defined study area. 
 
Association between area socioeconomic characteristics and hospital 
admissions for childhood and adult asthma 
 
The second study was conducted to estimate the association between different 
small-area socioeconomic status indicators and asthma hospital admission rates after 
controlling for environmental exposure to ambient air pollution over the selected area of 
residence. The cluster of annual total, childhood and adult asthma hospital admissions 
was consistently high within the same zip code areas of residence, suggesting the 
importance of unknown spatially distributed and correlated risk factors within these 
geographical areas. The cluster of asthma hospitalizations by selected postal zip code 
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areas of residence was shown for both crude number and calculated rates of hospital 
admissions per 10,000 persons in 1997, 1998 and 1999.  
An estimated association between asthma hospital admissions and area 
socioeconomic status indicators was adjusted to average annual environmental exposure 
to selected ambient air pollutants over geographical area of residence. Advanced spatial 
data analysis and modeling techniques were used (1) to provide a more accurate average 
surrogate estimate of environmental exposure to ambient air pollution based on a limited 
number geographically located point-site measurements, and (2) to describe differences 
in environmental exposure to ambient pollution over the selected area of study. Spatial 
interpolation techniques were applied to provide more accurate validated prediction of 
average annual environmental exposure to ambient particles, sulfur dioxide and ozone by 
zip code area of residence over the total study area. Geographic Information Systems 
(GIS) provide a value-added tool for integrated management, analysis and display of 
environmental, demographic, socioeconomic, and public health information obtained 
from diverse data sources. GIS was used for the interpolation of geographically 
distributed sample point measurement data and spatial prediction of unknown 
environmental exposure to ambient particles, ozone and sulfur dioxide by zip code area 
of residence. To use environmental quality data in community health studies, it is 
frequently necessary to predict unknown local environmental conditions and unknown 
environmental exposure based on limited sample point-site measurements. Spatial 
geographically restricted limited data interpolation and modeling is an important 
objective of environmental exposure assessment in community health studies.38 GIS 
provide powerful analytical and visualization techniques to environmental, 
socioeconomic and behavioral data that have a geographic or spatial component. A 
spatial interpolation model predicts unknown values of environmental exposure over a 
selected geographical area from a limited number of spatially located point 
measurements. A typical purpose of spatial data interpolation is to create a spatial 
elevation surface of environmental exposure and to define different environmental 
exposure areas over a selected study area from a set of limited sample point concentration 
measurements. Reliable and detailed spatial environmental exposure analysis and maps 
 175
of environmental exposure over the study area in relation to health outcome or condition 
of interest can aid the development of more effective research and public health risk 
management policy by defining specific disadvantaged geographical areas and specific 
sensitive population subgroups or communities. Interpolated ambient air pollution 
concentrations varied by single zip code area of residence and allowed us to separate the 
total study area into relatively high and low exposure categories (strata). Relatively high 
environmental exposure areas indicated more disadvantaged urban areas with constantly 
higher average annual exposure compared to reference category areas of residence with 
relatively low environmental exposure to selected criteria ambient air pollutants.  
The study incorporated various advanced statistical and spatial data analysis 
techniques to overcome the most common obstacles encountered in environmental and 
socioeconomic asthma studies. Limited initial data, accuracy of environmental exposure 
assessment, confounding and effect medication (interaction), and multicolinearity 
(intercorrelation) issues are the most common problems in the development of proper 
study design and final interpretation of study results. The identification of potential 
confounders is usually based on a prior knowledge of the dual association of the possible 
confounder with the exposure and the outcome, the main two poles of the study 
hypothesis. Stratification and multivariate regression analysis (modeling) are the main 
analytical tools used to control for confounding effect and to assess effect 
modification.63,64,65 Study results disclosed significant geographical differences in both 
total number and asthma hospital admissions rates by postal zip code area of residence 
over the study area. The association was consistent and statistically significant when 
comparing the number and rates of hospital admissions for both childhood and adult 
asthma over the three consecutive years of study in 1997, 1998, and in 1999. Local 
variation in the socioeconomic status may be large within geographical areas and 
consistent with the hypothesis of environmental risk. Under these circumstances, there is 
marked potential for confounding in small-area analyses of health data near local sources 
of higher environmental exposure.46  Possible confounding effect and effect modification 
(interaction) were evaluated by (1) stratified frequency table analysis of the association 
between hospitalizations for asthma and environmental exposure to ambient air pollution 
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within selected socioeconomic status category (strata) while adjusting to specific 
socioeconomic variable; and (2) multiple log-linear regression analysis (modeling) of the 
association between environmental exposure and asthma hospital admission rates while 
controlling for area socioeconomic deprivation status in the multiple regression model. 
Stratification is the simplest method to analyze possible presence of confounding, and 
also allows a straightforward examination of the possible presence of both confounding 
and effect modification. Stratified analysis as a standard epidemiological technique has a 
number of advantages: it is relatively easy to carry out; it permits the evaluation of effect 
modification; and perhaps the most important is that it allows both the investigator and 
the reader to achieve a clear understanding of the association among the exposure, health 
outcome of interest, and possible confounding or effect modifying variables.63, 64 A 
fundamental problem with stratified analysis, however, is its inability to control 
simultaneously for even a moderate number of potential confounders or effect modifiers. 
Positive confounding effect of community socioeconomic status by the percentages of 
single parent families with children, people living below poverty level, persons with low 
family income, and persons living in overcrowded housing conditions revealed lower 
stratum specific (adjusted) relative risk estimates as compare to relevant crude 
(unadjusted) estimates of the association between environmental exposure to ambient air 
pollution and asthma, and suggest the critical importance of various area socioeconomic 
status indicators trying to explain higher asthma hospitalization rates within specific low 
socioeconomic status areas of residence. Interaction effect and heterogeneity of separate 
strata were present by some socioeconomic status indicators. Based on heterogeneous 
effects within separate strata, the slight possible effect modification (interaction) was 
shown by poverty status and the score of Urban Deprivation Index (UDI) as a complex 
area socioeconomic status indicator on the association between the exposure to 
particulate matters and children asthma hospital admissions. There was decrease in 
magnitude and significance of the association between environmental exposure to 
ambient particles and sulfur dioxide by controlling for various socioeconomic status 
indicators in a given area of residence. Further multiple log-linear regression analysis 
results proved that stratified analysis is a straightforward but also very effective method 
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to evaluate possible confounding effect by socioeconomic status as a third factor in 
environmental exposure to ambient air pollution and asthma studies. Multiple regression 
analysis allows for the efficient estimation of measures of association while controlling 
for a number of confounding factors simultaneously, even in situations where 
stratification would fail because of insufficient numbers. Multiple regression analyses 
refers to a series of analytical techniques, each based on a more or less complex 
mathematical model, which are used to carry out statistical adjustment and “controlling” 
for one or more possible confounding variables.63,64 Multivariable analysis involves the 
construction of a mathematical model to describe most efficiently the association 
between exposure and health outcome of interest as well as other variables that may 
confound the effect of environmental exposure. The most common way in what many 
factors are controlled for simultaneously is through the use of a multiple regression 
model.  
Simple correlation, simple log-linear regression and frequency table analysis 
techniques were used to evaluate crude association between childhood and adult asthma 
hospital admissions and both socioeconomic area status and environmental exposure to 
ambient particulate matter, ozone, and sulfur dioxide. Data analysis by zip code area of 
residence revealed significant association of environmental exposure to ambient particles 
with childhood (correlation coefficient r=0.53, p<0.001) and adult (r=0.48, p<0.001) 
asthma hospital admission rates in 1999. There was also significant association between 
ambient air pollution by sulfur dioxide and hospital admissions for both childhood 
(r=0.59, p<0.001) and adult asthma (r=0.36, p<0.05) by zip code area. However, there 
was no association shown between ambient air pollution by ozone and hospital 
admissions for both childhood (r=-0.17, p>0.05) and adult (r=-0.18, p>0.05) asthma by 
zip code area of residence. The simple log-linear regression model analyses also 
supported correlation analysis results. The comparative simple log-linear regression 
models were designed for 1997, 1998, and 1999. Ambient particles and sulfur dioxide 
were significant predictive factors of hospital admissions for childhood and adult asthma 
in 1997, 1998, and 1999. Ozone was shown to be a significant predictor of both 
childhood and adult asthma hospitalizations in 1997, but not in 1998 and 1999. The 
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results of multiple log-linear regression model analyses of selected criteria ambient air 
pollutants suggest different interpretations for childhood and adult hospital admissions. 
Sulfur dioxide was more important to explain an increase in hospitalizations for 
childhood asthma, while ambient particles were the only significant factors to account for 
the increase in hospital admissions for adult asthma after controlling for other ambient air 
pollutants influence. Ambient particles together with sulfur dioxide were significant 
factors to predict childhood asthma hospital admissions in 1999, while only sulfur 
dioxide was a significant factor to explain hospitalization rates of childhood asthma by 
zip code area of residence in 1997 and 1998. Ambient particles were the only significant 
predictor of hospitalizations for adult asthma after controlling for sulfur dioxide and 
ozone exposure in multiple log-linear regression equations in 1997, 1998, and 1999 
accordingly. The comparison of relative high and low exposure areas by conducting 
frequency table analysis confirmed previous results of simple correlation and simple log-
linear regression analyses. Rate ratios of asthma hospitalizations in relatively high 
exposure to ambient particles as compared to relatively low level exposure areas  was 
significant for both children (Rate Ratio of 1.8 with 95% CI: 1.5-2.1) and adult (Rate 
Ratio of 1.5 with 95% CI: 1.33-1.77) population groups respectively. Environmental 
exposure to sulfur dioxide may be responsible for 140 and 39 percent of excess rate ratio 
fractions of asthma hospital admissions based on crude analysis in children and adult 
population groups in relatively high exposure areas accordingly. There was no 
association shown between environmental exposure to ozone and asthma hospital 
admissions both over time and over space by zip code area of residence. Our preliminary 
results of crude association analyses support previous studies which found that even 
relatively low levels of air pollution (levels below current air pollution guidelines) by 
PM10 and SO2 may be associated with adverse health effects, including daily hospital 
admissions for respiratory conditions.20-23, 34-36 However, many previous air pollution and 
asthma studies found only small statistically significant differences in crude excess risk 
or rate estimates attributable to environmental exposure by ambient air pollutants which 
could be overestimated and confounded by the another third factor. Further data analysis 
included the evaluation of environmental exposure influence after controlling for 
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socioeconomic status indicators and complex multidisciplinary socioeconomic 
deprivation index.  
More profound and appropriate definition of socioeconomic area status must be 
developed for future environmental asthma studies. Analysis of various area 
socioeconomic status indicators revealed strong correlation among different 
socioeconomic status characteristics. Although many of the area socioeconomic status 
characteristics were shown to have strong significant association with hospital admission 
rates for childhood and adult asthma, the interpretation of simple correlation analysis 
results is very complicated because of the high multicolinearity or inter-correlation 
among different socioeconomic status indicators. Area-based socioeconomic status 
indices have been thoroughly used to analyze health disparities in Europe, Australia, and 
New Zealand. Despite numerous cross-sectional studies of area socioeconomic disparities 
and community health, the monitoring of morbidity and mortality trends by small-area 
socioeconomic characteristics still remains far less common in the US than in Europe, 
Australia or New Zealand.41 A research group from the Division of Cancer Control and 
Population Sciences at National Institutes of Health (NIH), Bethesda, MD, developed and 
utilized a comprehensive composite area-based measure of socioeconomic status to 
examine the extent to which area socioeconomic deprivation is linked with county-level 
all-cause and cardiovascular mortality during the period of study from 1969 to 1998. The 
socioeconomic deprivation index was constructed by applying principal components 
analysis methods and techniques. Standard principal component analysis (PCA) 
techniques were used to reduce the number of significant socioeconomic status 
characteristics and to develop a complex multidimensional area socioeconomic 
deprivation index which could incorporate the most significant explanatory indicators.41 
The same index development and validation techniques were used in our study in order to 
develop a complex multidimensional small-area socioeconomic deprivation index. The 
percentages of people living below poverty level, people with education level of 9th grade 
or less, people with an annual household income of $15,000 or less, and people living in 
overcrowded housing conditions had the highest relative weight in the area 
socioeconomic deprivation index. The percentages of unemployed people, people 
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employed in professional and managerial occupations (white-collar occupations), people 
without any vehicle in the family, and also people living in a house lacking kitchen or 
plumbing facilities had relative low standardize weights in the index. Correspondingly, 
percentages of single households with children (single parent families), ethnic minority 
householders, people living in older houses, and in dwellings which are heated by fuel as 
the main source of heat were significantly associated with both childhood and adult 
asthma hospital admissions, but had no importance in representing complex 
multidimensional area socioeconomic deprivation status. The higher index score value 
indicated lower socioeconomic status and more severe area socioeconomic deprivation. 
Area Socioeconomic Deprivation Index (SDI) was shown to be significantly associated 
with total asthma hospital admission rates by zip code area of residence in 1997 (r=0.8, 
p<0.0001), in 1998 (r=0.81, p<0.0001), and in 1999 (r=0.82, p<0.0001) respectively. The 
same consistency over time and strong significant association was also shown between 
complex area socioeconomic deprivation index and hospitalizations for both childhood 
and adult asthma by area of residence studied separately.  
Simple log-linear regression analysis results supported the conclusion that the 
complex area socioeconomic deprivation index could be used to explain the increase in 
asthma hospital admissions and to predict asthma hospitalization rates by zip code area of 
residence in the study area. In a single variable simple log-linear regression analysis, area 
socioeconomic deprivation status index was a significant predictor of both childhood and 
adult asthma hospital admission rates by area of residence in 1997, 1998, and 1999 
correspondingly. The estimates adjusted to environmental exposure to ambient air 
pollution suggested a significant effect of relatively higher sulfur dioxide exposure for 
childhood asthma hospitalizations, and of ambient particles for adult asthma hospital 
admissions during the period of study 1997-1999. The area socioeconomic deprivation 
index was a significant factor after controlling for environmental exposure to selected 
criteria ambient air pollutants by zip code area of residence in all multiple regression 
models for both childhood and adult asthma hospitalizations in 1997, 1998, and 1999. 
Area socioeconomic deprivation status was the only significant independent variable in 
the childhood asthma log-linear multiple regression model in 1998, and in the adult 
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asthma model in 1999. Crude association between ambient air pollutants and hospital 
admissions for childhood and adult asthma was not significant after the adjustment to 
complex area socioeconomic deprivation index in the multiple regression models. There 
was no significant interaction between environmental exposure to ambient air pollution 
and area socioeconomic deprivation index revealed in the regression models by including 
the interaction term in the final best-fit model. Separate census-based area socioeconomic 
status characteristics were also analyzed in the multiple regression models for childhood 
and adult asthma controlling for environmental exposure to ambient air pollution. All 
significant socioeconomic status factors based on crude simple correlation analysis were 
included in the multiple log-linear regression models after adjusting to environmental 
exposure. The percentages of people living below poverty level; people with education 
level of 9th grade or less; people with an annual household income of $15,000 or less; 
people living in overcrowded housing conditions; unemployed people; people employed 
in professional and managerial occupations (white-collar occupations); people without 
any vehicle in the family; people living the house with lacking kitchen or plumbing 
facilities; single households with children (single parent families); ethnic minority 
householders; people living in older houses; and people residing in dwellings which are 
heated by fuel as the main source of heat represented area socioeconomic status 
indicators in the multiple regression model. Environmental exposure was represented by 
average annual exposure to ambient particles, sulfur dioxide and ozone by area of 
residence. Stepwise backward selection procedures were used to obtain the final best-fit 
models for childhood and adult asthma. Final models were constructed separately for 
childhood and adult asthma hospital admissions in 1997, 1998, and 1999. Only 
environmental exposure to sulfur dioxide out of all selected criteria ambient air 
pollutants, included in the multiple regression model analyses, was shown to be a 
significant independent factor for childhood asthma hospital admissions in 1997 and 
1999, but not in 1998. Based on other final best-fit model analysis results we saw that 
environmental exposure was not a significant predictor of asthma hospital admissions 
after controlling for area socioeconomic status. These findings supported our previous 
study of ambient air pollution and other environmental asthma triggers by calendar 
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quarter, which indicated that the seasonal changes in ambient air quality by ambient 
particles, sulfur dioxide and ozone were not associated with asthma hospitalizations 
during the period of 1997-1999. Poverty, professional and managerial occupation, no 
vehicle available, living conditions in overcrowded housing conditions, single parent 
families with children, and houses using fuel as a main source for heat were found to be 
significant socioeconomic status characteristics associated with hospital admissions for 
childhood and adult asthma during the period of study. Poverty, no vehicle available, 
single parent families with children, houses heated by fuel were positively associated, 
while professional and managerial occupation and living in overcrowded conditions had a 
significant inverse association with hospitalizations for childhood and adult asthma. 
Complex multidimensional area socioeconomic deprivation index incorporated all of 
these single socioeconomic characteristics except the percentages of single parent 
families with children and houses heated with fuel. Residual deviance analyses allowed 
us to identify extreme cases and to evaluate the magnitude of influence on the log-linear 
regression model parameters. Outlier analysis did not show significant effect on any of 
the log-linear regression model parameters and were assumed to be not significant in the 
final interpretation of regression model parameter estimates. The final best-fit area 
socioeconomic deprivation index and hospital admissions for childhood and adult asthma 
models were validated by using independent data outside of our study area for the year 
1999. Model validation results confirmed that both models provide accurate prediction 
and could be used with independent data outside of the study area.  
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Chapter 4 
 
FINAL CONCLUSIONS  
 
Major findings 
Our study explored various local environmental exposure and socioeconomic status 
characteristics, which could explain existing geographical differences in asthma 
distribution at small-area level. The study provided valuable information about 
geographical differences in hospitalization rates for asthma by residential area, and 
changes in the number of asthma hospital admissions over time in the selected study area. 
The dramatic increase in asthma morbidity and geographical area-based clustering of 
asthma hospital admissions within specific sensitive population groups have been 
observed during the last few decades. However, there is still limited asthma surveillance 
conducted at the national level and there is no continuous permanent disease surveillance 
conducted at the local community or state level. The complex small-area socioeconomic 
deprivation index represented multidimensional socioeconomic status of the selected 
geographical area of residence.  
A possible interaction and confounding effect with environmental exposure to 
ambient air pollution were explored in the multiple regression models. The best-fit model 
for childhood asthma reflected area socioeconomic deprivation index and average 
environmental exposure to ambient air pollution by sulfur dioxide as the main significant 
explanatory factors. Single factor regression analysis and further model validation 
disclosed that area socioeconomic deprivation index could be used a significant 
individual independent predictor of childhood asthma hospital admission rates. In support 
of this conclusion, multiple regression model analysis of both childhood and adult asthma 
hospital admissions indicated that area socioeconomic deprivation index is a single 
significant predictor variable of adult asthma hospital admission rates after adjusting to 
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environmental exposure to selected criteria air pollutants by area of residence in 1998 and 
1999. Based on the transformed log-linear regression model parameter estimates we can 
conclude that an increase in the complex multidimensional area socioeconomic 
deprivation index by 1 index unit may explain an increase by 7.9%, or increase by 3 
persons per 10,000 children for childhood asthma hospitalizations, and 7.5% or by 1 
person per 10,000 adults for adult asthma hospitalization in Hillsborough County, FL, in 
1997. Accordingly, the increase of residential area socioeconomic deprivation index by 1 
unit could explain the increase in asthma hospital admissions by 8.3% or by 2 per 10,000 
persons in children, and 7.2% or 1 per 10,000 persons in adults in 1998; and 7.7% or by 3 
per 10,000 persons in children, and 6.7% or by 1 per 10,000 person in adults in 1999. 
Although sulfur dioxide was a significant independent variable in the multiple regression 
model of childhood asthma in 1997 and 1999, the results of simple and multiple 
regression analyses of seasonal environmental exposure to aforementioned criteria air 
pollutants by calendar quarter proved that air pollution by ambient particles, sulfur 
dioxide and ozone are not significant factors in trying to explain an increase in asthma 
hospitalization in the study area. The regression model validation techniques were used to 
explore the predictive accuracy of the final model, with socioeconomic deprivation index 
as an independent variable, by using independent data for both childhood and adult 
asthma models outside of our study area. Model validation results suggested that the final 
best-fit childhood and adult asthma predictive models could be used to identify 
geographic differences in the distribution of disease and to disclose specific sensitive 
target population groups within selected geographical area of residence. Developed 
predictive regression models could provide a valuable tool for local health resource 
managers and policy makers for more effective health care resource management and 
asthma prevention policy development at local community level.  
 
Limitations 
The main study limitation could be explained by limited availability of individual-
based data and also our inability to estimate personal environmental exposure to main 
criteria ambient air pollutants. Because of aggregated data analysis, there is a possibility 
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of confounding effect by such individual characteristics as age, gender and race, and 
future studies based on individual data analysis are recommended to support or oppose 
our study results. There was no information on daily data on asthma hospital admissions 
available to explore the direct acute effect of ambient air pollution on exacerbation of 
disease symptoms. We used aggregated data to evaluate changes in asthma hospital 
admissions over time and to explore spatial distribution of asthma hospital admissions 
over the geographical area of study. Due to limited data on daily asthma hospitalizations 
we were not able to provide analysis of daily or selected time-lag associations between 
ambient air pollution and hospital admissions for childhood and adult asthma. Relatively 
low levels of ambient air pollution concentrations by ambient particles, sulfur dioxide 
and ozone below current federal and state standards, and short range of variations in 
pollutant concentrations were shown in our study. These factors obstructed our definition 
of relatively high and low exposure to ambient air pollution areas of residence. However, 
our study results indicated no seasonal association between selected criteria air pollutants 
and hospitalizations for asthma, and strong significant effect of both diverse area 
socioeconomic status characteristics and complex area socioeconomic deprivation index 
on hospital admissions for childhood and adult asthma. We also used surrogate 
environmental exposure measures at small geographical area level and could not avoid 
possible bias in environmental exposure assessment. Final result interpretation and 
conclusions about the influence of ambient air pollution on asthma hospitalization should 
be presented very carefully, and future studies should be directed on the evaluation of 
possible daily or selected time-lag associations to support or oppose our study findings.  
 
Consistency with other studies  
Calculated asthma hospitalization rates per 10,000 persons were consistent with 
previous asthma prevalence and hospital admissions for asthma survey results. Hospital 
admission rates for asthma per 10,000 were 15.9 in 1997, 13.3 in 1998, and 17.1 per 
10,000 persons in 1999 in Hillsborough County, FL, respectively. The average number of 
asthma hospitalizations over the total period of study was 15.4 hospitalizations per 
10,000. CDC National Center for Health Statistics reported the average number of 17 per 
 186
10,000 hospitalizations for asthma in the US.7 National Hospital Discharge Survey of 
asthma hospitalization rates by different geographical regions reported 15.8 hospital 
admissions per 10,000 persons in the South region. There were 14.2, 18.4 and 24.5 
hospitalizations per 10,000 reported in West, Midwest and Northeast correspondingly.2 
Hospitalization rate for childhood asthma was found to be three-fold higher as compared 
to hospital admission rates for adult asthma. Our study also supports results of previous 
studies where asthmatic children were found to be more susceptible to ambient air 
pollution exposure because of more active outdoor physical activities and existing 
physiological differences from adults.71 Environmental exposure to ambient air pollution 
by sulfur dioxide was found to be a significant explanatory factor for children but not for 
the adult group in the multiple regression analysis. Other selected criteria ambient air 
pollutants were not significant predictors of hospitalization for asthma in the final fitted 
multiple regression models in 1997, 1998 and 1999 respectively.  
Several previous studies have focused on the association between low 
socioeconomic status and asthma.46 Our study results support many previous studies 
which suggested that census-based socioeconomic deprivation status indices could serve 
as a powerful tool for describing and monitoring social inequalities in a given community 
over time.41 The area socioeconomic deprivation index provides a summary description 
of diverse social and economic condition in an area, and can therefore be used to assess 
the effects of specific preventive interventions or risk management policy programs 
designed to target more vulnerable communities and to reduce existing health disparities. 
Diverse community socioeconomic status indices can also provide useful information in 
the context of health resource planning and allocation.38 Numerous plausible biological 
and indirect or non-causal mechanisms were previously suggested to explain a higher 
prevalence of asthma in subjects living in the residential areas of low socioeconomic 
status.48,53 Specific material and social characteristics of people at different 
socioeconomic levels may contribute to differences in environmental exposure patterns, 
health behaviors, and risks of developing certain disease.68 Complex socioeconomic 
status index is a comprehensive indicator that refers to a broad range of factors, such as 
levels of social standing, income, education, and living conditions.68 Area socioeconomic 
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status may affect health through structural and material factors as well as socio-
behavioral variables. Differential residence in more disadvantageous environmental 
conditions related to asthma across different socioeconomic levels could contribute to 
risk modification. Proven exposure to indoor dust mites, cockroaches, and mouse 
allergens, viral respiratory infections, and maternal smoking are closely associated with 
asthma in children, and these factors exhibit substantial socioeconomic gradient by 
geographical area of residence. There are different ways in which poverty might 
predispose to severe asthma attacks including more intense allergenic exposure in the 
residence place (especially to cockroach antigen); higher rates of cigarette smoking and 
environmental tobacco smoke exposure; greater exposure to indoor and outdoor 
environmental pollution; fewer resources to modify and improve existing home 
environment; and reduced availability and use of health care resources. The causal 
association and geographical variations could be at least in part explained by significant 
variation of indoor allergens and antigens across different socioeconomic strata. 
Measures of exposure to house dust mites, cockroaches or home pet allergens were not 
undertaken in this study but it has been shown in the review of previously reported 
studies that increased exposure to these allergens may result in increased sensitization, 
and also act as an exacerbating causal risk factor for asthma.68 Previous epidemiological 
studies also disclosed that cockroach allergen is more common in homes of relatively low 
socioeconomic status explained by high poverty level.52 The house dust mites are known 
to thrive in poor ventilation and damp conditions. Both dust mite numbers and allergen 
levels have been shown to increase with higher indoor humidity and are indicators of 
dampness in the home.68 Low socioeconomic status is associated with low income and 
short education was found to associated with poor health of asthmatic patients.46 
Socioeconomic status factors and social characteristics specific to ethnic minority groups 
were found to be powerful predictors of disease at both the individual and ecological 
small-area level.3 Belonging to a minority race, lower household income, lower education 
level, inadequate social support, living in a lacking facilities urban setting, ineffective use 
of medications, noncompliance and poor insight into the disease treatment, and certain 
cultural health beliefs are some of the variables repeatedly found to be related to personal 
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knowledge about asthma control and management, and also to health care resource 
utilization patterns in patients with asthma. A significant association was confirmed 
between lower education level and maternal smoking during pregnancy and parental 
smoking after the baby was born.46 Indicators of dampness and poor ventilation were also 
more common in homes of those parents with low education attainment.46 The 
aforementioned study results have shown that the education level has an important 
influence on predisposition of risk factors for the development and exacerbation of 
asthma and indicated a deeper understanding of lifestyle and behavioral factors in low 
socioeconomic status population groups. The previous study of the health-related quality 
of life of children with asthma69 revealed that low income and living in poverty was 
significantly associated with higher prevalence, severity and more restricted resource 
utilization for asthmatic patients. The study results highlighted our study finding and 
concluded that socioeconomic status (low education level, unemployment, family 
income, and no health insurance available) were significantly related to health-related 
quality life of asthmatic children and adults. Previous epidemiological studies have also 
implied that the causes of higher morbidity and mortality for asthma may be more 
associated with poverty status and living in more socioeconomic disadvantaged urban 
environment than ethnic minority race alone.3,46  
 
Public health importance 
The results of small-area analyses should not be applied to explain and confirm or 
reject causal association between exposure and disease at individual level. The study was 
designed to explore the spatial distribution of asthma hospital admissions and evaluate 
possible association with area-based risk factors specific to these more sensitive 
population groups rather than to ascertain causal effect and causal risk factors related 
with the development of asthma. Previous studies identified that severe exacerbation of 
asthma resulting in hospital admission for this medical condition are clustering within 
specific geographical areas and could be explained by demographic, socioeconomic, 
environmental and behavioral or life-style characteristics specific to that area and 
population groups living in the study area.38 To develop more effective preventive asthma 
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prevention programs and distribute available health care resources more effectively we 
need to define more vulnerable population groups and to understand complex 
demographic, socioeconomic, environmental and behavioral factors within these 
communities. Described distribution of hospitalizations for childhood and adult asthma 
and local environmental and socioeconomic triggers associated with asthma 
hospitalizations could be utilized by local and state public health professionals and health 
resource managers to target the growing asthma epidemic within more vulnerable local 
communities. The scientific novelty and added value of our study could be also 
represented by advanced spatial data analysis and modeling techniques, and an innovative 
approach could be used to describe complex multidimensional small-area socioeconomic 
deprivation status and also to estimate possible confounding and/or interaction effect 
between environmental exposure and socioeconomic status characteristics. 
The most important novel features in our study are: (1) complex analysis of local 
environmental and socioeconomic characteristics through the application of advanced 
spatial data interpolation and modeling techniques to increase the accuracy of predicted 
surrogate environmental exposure to ambient air pollution  over the study area; and (2) 
advanced statistical data analysis techniques to estimate the association between ambient 
air pollution and asthma hospitalizations while controlling for socioeconomic status. We 
explored diverse area socioeconomic status indicators and also used standard statistical 
analysis techniques to develop a complex multidimensional area socioeconomic 
deprivation index based on census-derived socioeconomic characteristics. Multiple 
regression analysis results revealed that final conclusions made solely on crude 
association between ambient air pollutants and asthma hospitalizations could be biased 
and overestimated without accurate definition of socioeconomic status and further 
adjustment to (or standardization for) socioeconomic status characteristics. Defined 
significant area-based socioeconomic status characteristics could be employed by asthma 
policy makers, public health practitioners, and health care resources managers or 
providers at community-based level in the presented study area. Poverty, unskilled 
workers, single parent families with children, living in less populated households with no 
vehicle available for personal usage and in the house heated with fuel are the main 
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socioeconomic characteristics, which should be addressed through more effective 
community-based preventative programs and more efficient health care resource 
management. The crucial aspect in our study was the utilization and validation of 
predictive regression models of childhood and adult asthma, which could be applied to 
identify specific high risk areas and sensitive population groups in order to develop more 
effective asthma management and preventive policy strategies for the most deprived and 
vulnerable community groups. Developed predictive models and small-area 
socioeconomic status characteristics could be used by local health care services 
providers, health care resource managers and health policy developers to define more 
vulnerable inner-city areas and to assure more effectively health care resources 
management and asthma prevention programs at the local community or state level by 
utilizing only census-based available socioeconomic information. Although all of the 
variables used to represent socioeconomic deprivation characteristics of the aggregate 
population entities (postal zip code areas) are easily derived from census-based data, 
many socioeconomic variables are not quite reducible to the level of an individual. 
Means, percentages, rates, and numbers describing the distribution, composition, and size 
of the population are primary characteristics of aggregates. Similarly, asthma hospital 
admission rates are characteristics of a community or a population, but not individuals. 
An explanation of the variation in such rates therefore requires a focus on the effects of 
social structural and population-level determinants.38 Such a viewpoint is consistent with 
the notion that it is ‘in the nature of society itself that we must seek the explanation of 
social life’.38 As previous studies suggested, variations in customs, life-style, behavioral, 
physical environment, and social status characteristics may very well be the most 
important explanations of population variation in disease rates.38 The identification of 
major determinants of the socioeconomic gradients and narrowing the socioeconomic gap 
between affluent and disadvantaged areas has the potential to substantially reduce 
mortality and morbidity for childhood and adult asthma in the US.41 The area 
socioeconomic deprivation index could be successfully applied to provide more effective 
preventive interventions for asthma management and prevention within specific high risk 
geographical areas and population groups. Finally, it can be used as a summary complex 
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area socioeconomic deprivation status measure to examine the net impact of 
environmental conditions, cultural, behavioral and life-style, and health care factors on 
asthma prevalence and severity of other important chronic illnesses in future studies. 
Future studies directed to estimate the significance of small-area socioeconomic 
deprivation status and to identify geographical areas with specific sensitive population 
groups within these areas could be a valuable resource of important information and a 
noteworthy tool used to develop more effective preventive interventions at the local 
community level. 
 
Future directions 
In October 1999, the Robert Wood Johnson Foundation funded the Rand Health 
Program with a primary goal to evaluate and to outline future policy directions for 
childhood asthma in the United States. The program engaged an interdisciplinary expert 
panel group of nationally recognized leaders in childhood asthma, and identified 11 
policy recommendations that form a comprehensive framework for achieving one broad 
future policy objective: to promote the development of asthma-friendly communities 
where children’s environment is safe from physical and social environment risk and 
where children receive appropriate continuous health care.70 Six more specific policy 
goals were identified to reach this objective:70 
1) Reduce socioeconomic disparities in childhood asthma outcomes; 
2) Improve access to and quality of asthma health care services in a given 
community; 
3) Improve asthma awareness and knowledge about disease management 
among asthma patients and the general public; 
4) Encourage innovations in asthma prevention; 
5) Ensure asthma-friendly school environment; and  
6) Promote asthma-safe home environment. 
Our study results are consistent with and support the conclusions of the 
aforementioned interdisciplinary asthma expert panel group. In order to reduce 
socioeconomic disparities and consequently improve quality of asthma health care 
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services, future asthma prevention interventions and risk management programs should 
address population groups described by such socioeconomic status deprivation 
characteristics as poverty, unskilled workers, single parent families with children, 
families having no vehicle available, people living in less crowded households or socially 
excluded conditions without adequate family members or relatives support, and residing 
in houses heated by fuel.  Development of more effective asthma prevention programs 
and delivery of more efficient health care services or resources should be based on the 
understanding of complex socioeconomic, environmental and behavioral asthma risk 
within communities and community-based disease risk management and prevention 
strategies. Further studies could be suggested to confirm or disapprove the significance of 
highlighted area socioeconomic status characteristics in our study. Crude analysis results 
should not be used to describe the association or developed preliminary conclusions, 
which could be biased and overestimated because of the other third factor or confounder 
not included in the study. Further environmental asthma studies should always include 
accurate definition of residential area and preferably individual socioeconomic status 
indicators in the adjusted analysis. Future studies should also explore the association 
between individual and residential area socioeconomic characteristics and try to explain 
the relationship between socioeconomic status characteristics and asthma hospital 
admissions at both individual and community level. Collected individual-based 
information could provide additional evidence in support of community-based health care 
resource allocation for asthma and disease management to decrease current 
socioeconomic inequities and much higher asthma morbidity and mortality rates among 
specific inner-city population groups. The ideal model of future environmental asthma 
study would include accurate environmental exposure assessment by providing direct 
personal exposure to ambient air pollution assessment and preferably by using 
biomarkers of exposure. More accurate environmental exposure assessment in 
accordance with direct individual respiratory function assessment could be implemented 
in a short-term longitudinal small panel group study by controlling or adjusting to both 
individual and residential area socioeconomic status differences. Two different panel 
groups representing different socioeconomic status areas of residence could be compared 
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to understand physical, social, cultural, life-style and behavioral factors which are crucial 
in asthma management and which are specific to different community socioeconomic 
status stratum.  
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Appendix B. Direct Adjustment Calculations 
 
Table B-1. Total number of asthma hospital admissions within different age strata by zip 
code area of residence in Hillsborough County, FL, in 1999 
Zip 
Code 0-4 5-14 
15-
24 
25-
34 
35- 
44 
45-
54 
55-
64 
65-
74 
75-
84 ≥85 0-14 ≥15 Total
33510 2 11 2 4 2 1 5 0 1 1 13 16 29
33511 10 10 6 5 7 2 3 3 1 0 20 27 47
33527 5 2 0 1 3 2 0 0 3 0 7 9 16
33534 1 3 2 0 2 4 2 0 0 0 4 10 14
33547 1 1 0 0 4 1 0 0 0 0 2 5 7
33549 10 6 1 2 1 3 5 3 3 0 16 18 34
33556 3 6 1 0 1 1 2 1 1 0 9 7 16
33565 4 1 3 6 1 0 2 1 1 1 5 15 20
33566 11 6 8 6 0 3 5 3 2 1 17 28 45
33567 7 2 3 2 3 2 2 3 3 0 9 18 27
33569 13 8 5 1 6 7 5 6 0 1 21 31 52
33570 5 1 2 3 4 1 2 0 0 1 6 13 19
33572 1 0 0 0 0 0 1 0 0 0 1 1 2
33573 0 0 0 0 0 1 0 1 4 0 0 6 6
33584 4 1 3 3 6 2 4 3 2 0 5 23 28
33592 7 1 0 1 4 6 2 3 0 0 8 16 24
33594 12 12 4 4 7 2 7 1 1 1 24 27 51
33598 9 0 2 0 0 3 1 1 0 0 9 7 16
33602 23 2 2 3 4 2 2 7 5 1 25 26 51
33603 10 19 9 3 6 4 7 3 3 1 29 36 65
33604 30 22 3 11 10 15 4 6 3 0 52 52 104
33605 27 23 3 3 8 4 5 4 2 0 50 29 79
33606 5 5 0 0 5 3 2 1 2 0 10 13 23
33607 23 15 1 4 12 6 4 4 5 2 38 38 76
33609 9 2 0 3 4 2 1 3 3 0 11 16 27
33610 33 32 6 4 14 16 5 5 3 0 65 53 118
33611 12 11 13 2 2 6 3 5 3 0 23 34 57
33612 21 20 4 9 14 16 9 6 3 2 41 63 104
33613 9 12 9 10 2 6 2 1 3 0 21 33 54
33614 25 21 7 12 9 13 10 6 4 1 46 62 108
33615 22 13 4 11 10 6 9 4 2 0 35 46 81
33616 7 6 2 2 0 2 6 1 0 0 13 13 26
33617 16 16 5 1 8 3 3 3 0 0 32 23 55
33618 2 4 0 0 2 1 3 0 3 0 6 9 15
33619 21 9 5 4 2 6 4 1 3 0 30 25 55
33621 0 1 0 0 0 0 1 0 0 0 1 1 2
33624 8 8 1 6 3 5 4 2 3 1 16 25 41
33625 4 3 1 1 1 1 1 1 1 0 7 7 14
33626 3 3 0 1 4 0 2 1 0 0 6 8 14
33629 8 3 1 1 0 2 2 0 1 0 11 7 18
33634 8 7 3 0 2 3 1 1 0 0 15 10 25
33635 7 3 0 1 1 3 2 2 0 0 10 9 19
33637 5 1 2 5 6 1 0 2 0 0 6 16 22
33647 4 2 0 0 0 0 0 0 0 0 6 0 6
Total 447 334 123 135 180 167 140 98 74 14 781 931 1712
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Appendix B. Direct Adjustment Calculations (continued) 
 
Table B-2. Total population distribution within separate age strata by zip code area of 
residence in Hillsborough County, FL, in 1999 
 
Zip 
Code 
 
0 - 4 5 - 14 
 
  15 - 
24 
 
   25 - 
34 
 
35 - 
44 
 
  45 - 
54 
 
55-64 
 
65-74 
 
75-84 
 
≥ 85 
 
Total 
33510 1529 3465 2820 3228 3949 3258 1975 1250 659 241 22374 
33511 3153 6786 6083 7407 7936 6176 3546 2215 1173 452 44927 
33527 898 1907 1762 1619 1768 1412 1069 558 344 94 11431 
33534 712 1263 1109 1145 1149 914 583 377 210 34 7496 
33547 619 1476 1044 1194 1456 1262 799 412 214 51 8527 
33549 2957 6493 5041 6437 8581 7255 3955 2406 1265 282 44672 
33556 905 2198 1339 1534 2927 2587 1333 745 354 73 13995 
33565 1121 2429 2009 1926 2644 2060 1757 1723 933 212 16814 
33566 1729 3492 3214 2968 3044 2643 1793 1373 941 355 21552 
33567 2093 4331 3627 3708 4032 3199 2240 1592 843 255 25920 
33569 2665 5636 4301 5250 6415 4808 3049 2152 1158 255 35689 
33570 887 1686 1569 1496 1553 1427 1403 1585 1031 220 12857 
33572 309 780 656 630 1180 1381 1135 799 490 101 7461 
33573 18 38 41 81 124 427 2038 5427 6147 1980 16321 
33584 1394 3338 2529 2802 3668 2991 1891 1111 611 155 20490 
33592 702 1536 1218 1320 1616 1349 1003 678 416 132 9970 
33594 3210 8255 5377 5460 9344 7752 4020 2554 1438 311 47721 
33598 874 1627 1467 1210 1056 775 504 310 157 39 8019 
33602 623 1244 1146 1377 1458 1177 743 627 399 161 8955 
33603 1507 3218 2769 3300 3388 2533 1495 1245 1078 414 20947 
33604 2722 5952 4734 5650 6073 4822 2809 2069 1527 427 36785 
33605 1249 2945 2345 2043 2440 2099 1492 1334 825 309 17081 
33606 643 1400 2473 3098 2586 2066 1075 826 564 229 14960 
33607 1499 3202 2817 3178 3087 2540 2127 2226 1584 541 22801 
33609 836 1832 1592 2501 2850 2384 1456 1279 1099 351 16180 
33610 2477 5521 4461 3933 4752 4116 3030 2350 1330 427 32397 
33611 1627 3213 3006 5189 5467 4081 2668 2391 1669 526 29837 
33612 3417 6347 6625 6792 6466 5148 2918 2413 2074 761 42961 
33613 1931 3128 6549 5254 3908 3195 1980 1349 1288 842 29424 
33614 2946 5435 6588 8351 6986 5140 3642 2672 1586 457 43803 
33615 2560 5489 5347 7157 7060 5441 3871 2586 1408 430 41349 
33616 814 1768 1718 2172 2101 1498 947 640 297 59 12014 
33617 2934 5989 7752 7036 6386 5264 3163 2120 1313 324 42281 
33618 1206 2754 2564 2755 3517 3329 2020 1281 738 194 20358 
33619 1907 4771 4435 4135 4647 3684 2369 1588 733 190 28459 
33621 356 614 629 586 418 67 13 4 1 1 2689 
33624 2814 6539 5537 7038 8206 7285 3885 2140 1270 351 45065 
33625 1553 3450 2350 3204 4215 3060 1474 822 489 164 20781 
33626 1217 1532 788 2347 2444 1435 745 378 186 44 11116 
33629 1494 2538 1752 3510 4286 3517 1900 1701 1610 550 22858 
33634 1203 2827 2589 3204 3251 2566 1869 1148 491 107 19255 
33635 933 1745 1173 2190 2428 1651 1051 783 401 84 12439 
33637 946 1790 2073 2476 2111 1428 833 516 274 87 12534 
33647 2145 4184 3523 4676 5399 3399 1665 822 408 69 26290 
Total  69334 146163 132541 152567 168372 134601 85333 64577 43026 13341 1009855
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Appendix B. Direct Adjustment Calculations (cont.) 
 
Table B-3. Total number of asthma hospital admissions and standard weight (Standard 
1,000,000 population) for separate age category (strata) group used to calculate age-
adjusted rates by direct adjustment technique 
  
0 - 4 5 - 14 15 - 24 25 - 34 35 - 44 45 - 54 
Total asthma hospitalizations 447 334 123 135 180 167 
Total study population 2145 4184 3523 4676 5399 3399 
US standard population 19175798 41077577 39183891 39891724 45148527 37677952 
Standard 1,000,000 
population 69135 145565 138646 135573 162613 134834 
 
Table B-3. Total number of asthma hospital admissions and standard weight for separate 
age category group used to calculate age-adjusted rates by direct adjustment technique 
(cont.) 
  
55 to 64 65 to 74 75 to 84 ≥ 85 Total 
Total asthma 
hospitalizations 140 98 74 14 1712 
Total study population 1665 822 408 69 26290 
US standard population 24274684 18390986 12361180 4239587 281421906 
Standard 1,000,000 
population 87247 66037 44842 15508 1000000 
 
Table B-4. Total number of asthma hospital admissions within different strata by race 
(White, Black, Hispanic and Other) and by gender (Male and Female) by zip code area of 
residence in Hillsborough County, FL, in 1999 
Zip Code 
 
White 
 
Black 
 
Hispanic 
 
Other 
 
Male 
 
Female 
 
Total 
 
Total 
Population 
33510 21 2 4 2 11 18 29 22374 
33511 36 6 1 4 19 28 47 44927 
33527 7 0 9 0 10 6 16 11431 
33534 13 1 0 0 5 9 14 7496 
33547 6 0 0 1 2 5 7 8527 
33549 27 2 3 2 15 19 34 44672 
33556 13 3 0 0 10 6 16 13995 
33565 19 0 1 0 11 9 20 16814 
33566 24 13 8 0 21 24 45 21552 
33567 20 4 3 0 10 17 27 25920 
33569 42 7 2 1 23 29 52 35689 
33570 10 0 9 0 9 10 19 12857 
33572 1 1 0 0 0 2 2 7461 
33573 6 0 0 0 2 4 6 16321 
33584 23 2 2 1 8 20 28 20490 
33592 16 6 1 1 6 18 24 9970 
33594 43 3 3 2 26 25 51 47721 
33598 5 2 8 1 9 7 16 8019 
33602 7 27 16 1 27 24 51 8955 
33603 20 17 27 1 25 40 65 20947 
33604 29 45 21 9 36 68 104 36785 
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Appendix B. Direct Adjustment Calculations (cont.) 
 
Table B-4. Total number of asthma hospital admissions within different strata by race 
(White, Black, Hispanic and Other) and by gender (Male and Female) by zip code area 
of residence in Hillsborough County, FL, in 1999 (cont.) 
Zip Code 
 
White 
 
Black 
 
Hispanic 
 
Other 
 
Male 
 
Female 
 
Total 
 
Total 
Population 
33605 9 50 17 3 28 51 79 17081 
33606 9 9 4 1 10 13 23 14960 
33607 9 34 32 1 35 41 76 22801 
33609 15 3 9 0 15 12 27 16180 
33610 31 73 8 6 56 62 118 32397 
33611 39 6 7 5 27 30 57 29837 
33612 43 38 18 5 37 67 104 42961 
33613 28 8 14 4 18 36 54 29424 
33614 41 5 58 4 41 67 108 43803 
33615 42 17 21 1 34 47 81 41349 
33616 10 6 8 2 13 13 26 12014 
33617 18 26 8 3 18 37 55 42281 
33618 9 1 5 0 6 9 15 20358 
33619 31 20 3 1 25 30 55 28459 
33621 1 0 0 1 1 1 2 2689 
33624 28 1 7 5 20 21 41 45065 
33625 8 1 4 1 8 6 14 20781 
33626 10 0 3 1 5 9 14 11116 
33629 14 0 2 2 13 5 18 22858 
33634 10 3 11 1 15 10 25 19255 
33635 16 1 0 2 6 13 19 12439 
33637 13 4 5 0 11 11 22 12534 
33647 6 0 0 0 2 4 6 26290 
TOTAL 828 447 362 75 729 983 1712 1009855 
 
Table B-5. Total population distribution within different strata by race (White, Black, 
Hispanic and Other) and by gender (Male and Female) by zip code area of residence in 
Hillsborough County, FL, in 1999 
Zip Code 
 
White Black Hispanic Other Male Female Total 
33510 18526 2013 452 1383 10811 11563 22374 
33511 32761 4263 5752 2151 21817 23110 44927 
33527 7692 98 3462 179 5939 5492 11431 
33534 5692 104 1509 191 3877 3619 7496 
33547 7713 110 556 148 4252 4275 8527 
33549 36671 1825 4502 1674 22160 22512 44672 
33556 12098 431 982 484 7070 6925 13995 
33565 14879 259 1434 242 8329 8485 16814 
33566 13305 4437 3532 278 10312 11240 21552 
33567 17806 1782 5743 589 13027 12893 25920 
33569 27963 2773 3819 1134 17827 17862 35689 
33570 8419 129 4119 190 6516 6341 12857 
33572 6634 63 566 198 3718 3743 7461 
33573 15986 22 195 118 6960 9361 16321 
33584 16650 1554 1784 502 10197 10293 20490 
33592 7931 1163 627 249 5012 4958 9970 
33594 38691 2853 4543 1634 23438 24283 47721 
33598 2651 346 4936 86 4254 3765 8019 
33602 3106 4145 1578 126 4454 4501 8955 
33603 8736 5883 5973 355 10143 10804 20947 
33604 18815 9121 7714 1135 17955 18830 36785 
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Appendix B. Direct Adjustment Calculations (cont.) 
 
Table B-5. Total population distribution within different strata by race (White, Black, 
Hispanic and Other) and by gender (Male and Female) by zip code area of residence in 
Hillsborough County, FL, in 1999 (cont.) 
Zip Code 
 
White Black Hispanic Other Male Female Total 
33605 1905 10549 4523 104 8418 8663 17081 
33606 11618 1706 1163 473 7483 7477 14960 
33607 4224 8774 9433 370 10802 11999 22801 
33609 10956 1138 3465 621 7927 8253 16180 
33610 10519 18362 2943 573 15217 17180 32397 
33611 23184 1846 3133 1674 14546 15291 29837 
33612 21211 12446 7669 1635 20733 22228 42961 
33613 17108 5617 5033 1666 14542 14882 29424 
33614 17379 3909 20676 1839 21709 22094 43803 
33615 24247 3449 11840 1813 20218 21131 41349 
33616 7136 2137 1608 1133 6042 5972 12014 
33617 22716 11576 5887 2102 20242 22039 42281 
33618 15394 916 3174 874 9834 10524 20358 
33619 11371 11416 5152 520 14814 13645 28459 
33621 1519 659 323 188 1428 1261 2689 
33624 31712 2894 8008 2451 21501 23564 45065 
33625 14064 1518 4182 1017 10185 10596 20781 
33626 8650 607 1322 537 5453 5663 11116 
33629 20091 269 1931 567 10922 11936 22858 
33634 9638 1554 7209 854 9297 9958 19255 
33635 8968 726 2017 728 6116 6323 12439 
33637 8191 2122 1594 627 6046 6488 12534 
33647 19977 1541 2432 2340 12995 13295 26290 
Total 644503 149105 178495 37752 494538 515317 1009855 
 
Table B-6. Total number of asthma hospital admissions and standard weight (Standard 
1,000,000 population) within separate race and gender category (stratum) group used to 
calculate race- and gender-adjusted rates by direct adjustment technique 
 
 
White Black Hispanic Other Male  Female Total 
Asthma 
hospitalizations 828 447 362 75 729 983 1712
Total study 
population 644503 149105 178495 37752 494538 515317 1009855
 
US  population 194552774 36419434 35305818 15143880 138053563 143368343 281421906
Standard 
1,000,000 
population 691321 129412 125455 53812 490557 509443 1000000
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Appendix C. Percentage distribution of socioeconomic status characteristics by area of 
residence.  
 
Table C-1. Distribution of socioeconomic status indicators by zip code areas of 
residence, Hillsborough County, FL. 
Zip Code Poverty Education Unemployment Uskilled Divorced 
Professional 
Occupation 
Family 
Income  
33510 4 3.9 2.4 66.8 11.2 34.3 8.7 
33511 4 2.8 2.8 60.6 10.7 38.8 6.8 
33527 12.7 17.1 5.8 87.3 10.5 19.5 15.5 
33534 16.5 12.1 5 90.5 14.7 16.8 19.7 
33547 7 5.4 2.6 78.4 9.2 29.6 11.5 
33549 3.9 2.2 2.9 55.9 11 42 9 
33556 1.9 2 0.8 53.4 6.8 42.7 5.2 
33565 6.6 9.1 2.2 82.6 8.4 25.6 12.6 
33566 12.9 13.5 3.4 84.6 13.1 21 19.5 
33567 9.6 13.6 3.1 79.5 9.9 22.2 12.3 
33569 6.6 5 2.1 71.5 11.7 31.8 10.9 
33570 9.5 14.9 3 88.2 10.6 18 20.9 
33572 2.4 2.4 2.9 71.2 11.7 38.6 10.2 
33573 2.2 3 0.6 66.5 5.6 35 12.8 
33584 5.4 5.3 3.3 78.2 12.6 25.2 11.7 
33592 9.6 6.8 3.3 84.9 15.3 21.5 10.6 
33594 3 2.9 2 57.6 7.3 42 6.8 
33598 23.1 31.3 5.2 90.4 8.6 14.5 17.3 
33602 27.9 8.8 8 66.2 18.1 40.3 33.9 
33603 17.7 10.5 6 78.2 14.1 23.9 23.8 
33604 19.6 8.4 4 79.5 16.4 24.4 25.3 
33605 28.3 16.9 6.1 89 14.5 15.5 39.7 
33606 3.8 2.1 11.1 35.2 13.1 55 13 
33607 18.9 17.5 4.1 81.7 13.3 28.8 18.7 
33609 6.1 5.5 2.5 54.5 14.1 43.4 15 
33610 18.8 11 5.1 86.3 15.1 16.9 26.7 
33611 5.9 2.9 2.3 63.1 16.2 34.4 15.9 
33612 17.3 7.1 5.1 77.2 13.5 24.4 26.4 
33613 14.5 6.6 5.1 65 14.2 31.6 26.1 
33614 13.4 8.4 3.3 75.8 14.5 25.3 17.4 
33615 13 5.8 3.1 67.8 13.9 28.7 12 
33616 13.6 4.4 5 77.1 17.5 24.5 13.8 
33617 10.2 4.9 3.7 61.3 12.6 34.9 17.7 
33618 4.4 2 2.2 49.8 11.3 45.2 9.3 
33619 15.9 11.1 3.8 88.3 14.9 15.9 20.5 
33621 4.1 0.8 2.8 70.2 3 27.9 3.1 
33624 3.4 2.7 2.1 53 12.8 42.8 6.2 
33625 4.8 3.7 3.9 60.8 11.4 38 6.2 
33626 1.7 0.6 1.5 39.7 6.6 55.1 3.4 
33629 2.3 1.1 2 37.8 11.3 57.7 8.9 
33634 6.5 6.1 2.8 72.3 13 29.9 9.9 
33635 6.3 2.7 2.1 59.3 12.2 41.9 11.4 
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Appendix C. Percentage distribution of socioeconomic status characteristics by area 
of residence. (cont.) 
 
Table C-1. Distribution of socioeconomic status indicators by zip code areas of 
residence, Hillsborough County, FL (cont.) 
Zip Code Poverty Education Unemployment Uskilled Divorced 
Professional 
Occupation 
Family 
Income  
33637 10.8 2.8 1.7 63.2 15.1 36.7 15 
33647 3.9 0.7 2.1 33.1 8.1 55.8 8.1 
 
Table C-2. Distribution of socioeconomic status indicators by zip code areas of 
residence, Hillsborough County, FL.  
Zip Code 
House 
Age 40  
Moved 
last year 
No 
vehicle 
Heating 
with gas 
Heating 
with fuel 
Heating 
with wood 
Lacking 
facilities 
33510 5.6 22.5 4.2 6.3 1.1 0 0.1 
33511 2.5 31 3 7.6 0.7 0.1 0.8 
33527 17.9 13.5 5.6 11.5 1 0 1.8 
33534 14.4 29.7 10.4 12.5 0.7 0.5 0.4 
33547 8.3 21.9 2.7 8.9 1.1 0.9 0.5 
33549 4.6 25 3.6 5.5 0.2 0.1 0.4 
33556 6.1 19.1 0.8 4.8 0.2 0.2 0.5 
33565 11.2 15.3 4.7 8.6 0.6 0 1.5 
33566 29.8 23.4 8.9 8.2 0.5 0.1 0.7 
33567 15 23.6 3.7 8.3 0.7 0 0.7 
33569 4.7 29.9 3 8 0.2 0.3 0.6 
33570 10.9 20.5 4.1 10.9 0.3 0.4 1 
33572 3.6 13.1 1.9 3.5 0.3 0 0.9 
33573 1.7 18.1 9.2 1.2 0.1 0 0.8 
33584 9.6 16.8 5.2 3.3 0.6 0.7 0.7 
33592 6.5 22.6 4.8 6.5 0.7 0.3 0.5 
33594 2.8 19.4 2.6 3.4 0.3 0.2 0.5 
33598 4.7 17.2 7.3 18.9 0 0 3.8 
33602 42.2 27.7 26 20.5 1.1 0 2 
33603 63.5 23.7 12.2 11.2 1.8 0.2 1 
33604 42.1 24.8 14.8 6.1 0.9 0.6 1.2 
33605 60.4 21.1 27.8 19.3 2.8 0 4.7 
33606 57 33.4 9.6 9.4 0.4 0.2 1.2 
33607 40.4 23.8 21.6 9.8 1.7 0 1.1 
33609 43.4 21.3 9.9 5.4 1.3 0 0.7 
33610 31.9 21.2 14.5 6 2.1 0.2 1.8 
33611 34.3 23.8 9 4.2 0.4 0.1 0.5 
33612 22.8 30.8 16.6 6.3 0.8 0.1 1.1 
33613 6 41.5 15.3 4 0 0.2 2.6 
33614 15.4 35.4 8.3 5.3 0.3 0 1 
33615 3.9 29.4 8.2 1.9 1.1 0 1 
33616 25.9 30.9 7.8 4.3 0.1 0.2 0.8 
33617 12.4 33.8 9.2 4 0.8 0.1 0.4 
33618 5 23 5 1.2 0.8 0 0 
33619 23.5 20 10 3.5 1.5 0.4 1 
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Appendix C. Percentage distribution of socioeconomic status characteristics 
by area of residence. (cont.) 
 
Table C-2. Distribution of socioeconomic status indicators by zip code areas 
of residence, Hillsborough County, FL. (cont.) 
Zip Code 
House 
Age 40  
Moved 
last year 
No 
vehicle 
Heating 
with gas 
Heating 
with fuel 
Heating 
with wood 
Lacking 
facilities 
33621 67.2 51.8 5.3 51.6 0 0 0 
33624 1.2 24.4 2.6 1.6 0.1 0 0.9 
33625 2.3 20 1.9 1.1 0.4 0 0.6 
33626 0.2 35.5 0.5 42.7 0 0 0.4 
33629 55.3 18 4.7 6.2 1.5 0 0.5 
33634 5.6 25.8 5.1 0.9 0.5 0 0.8 
33635 1.3 22.4 4.4 9.1 0.2 0.4 0 
3.4 39.5 4.9 2 0.1 0 0.3 33637 
33647 0.7 42.1 2.7 14.9 0 0 0.2 
  
Table C-3. Distribution of socioeconomic status indicators by zip code areas of 
residence, Hillsborough County, FL.  
Zip Code 
Overcrowded 
conditions 
Children 
under 5 yr 
Elderly 
65 yr. Black 
Single w 
children 
Ethnic 
minority 
33510 3.2 6.8 9.6 9.6 7.6 14.8 
33511 3.8 7 8.5 10.3 7.5 15.4 
33527 12.7 7.9 8.7 1.2 5.7 11 
33534 9.1 9.5 8.3 1.6 10 9.3 
33547 2.6 7.3 7.9 1.5 5 4.3 
33549 2.5 6.6 8.8 4.5 5.2 8.9 
33556 1.1 6.5 8.4 3.4 3 5.9 
33565 4.3 6.7 17.1 1.7 4.8 5.1 
33566 8.8 8 12.4 21 9.6 26.5 
33567 9.1 8.1 10.4 7.2 7.1 16.1 
33569 3.7 7.5 10 8.3 7.4 11.1 
33570 10.1 6.9 22.1 1.1 4.9 9.6 
33572 2.1 4.1 18.6 1.4 3.5 3.8 
33573 0.2 0.1 83 0.2 0 0.8 
33584 3 6.8 9.2 7.6 8 11.3 
33592 6.2 7 12.3 12.3 8.1 14.6 
33594 2.6 6.7 9 6.4 4.6 9.7 
33598 28.1 10.9 6.3 4.4 8 32.7 
33602 7.4 7 13.3 47.5 12.4 45.8 
33603 9.4 7.2 13.1 29.4 11 32.3 
33604 10.1 7.4 10.9 26.2 12.6 29.1 
33605 15.9 7.3 14.4 63.2 14.6 69.2 
33606 1.4 4.3 10.8 11.8 4.4 13.4 
33607 12.9 6.6 19.1 39.8 11.4 44.6 
33609 3.7 5.2 16.9 7.9 5.3 12.4 
33610 8.7 7.6 12.7 57.7 15.2 58.6 
33611 2.1 5.5 15.4 7.1 5.8 11.2 
33612 10.4 8 12.2 30.6 13.5 35 
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Appendix C. Percentage distribution of socioeconomic status 
characteristics by area of residence. (cont.) 
 
Table C-3. Distribution of socioeconomic status indicators by zip code 
areas of residence, Hillsborough County, FL. (cont.) 
Zip Code 
Overcrowded 
conditions 
Children 
under 5 yr 
Elderly 
65 yr. Black 
Single w 
children 
Ethnic 
minority 
33613 8.5 6.6 11.8 20.2 9 28.3 
33614 11.9 6.7 10.8 9.9 8.7 22.5 
33615 5.8 6.2 10.7 9.1 7 18.4 
33616 7 6.8 8.3 19.4 10.4 26.6 
33617 8 6.9 8.9 28.7 10.8 33.9 
33618 4.2 5.9 10.9 5 6.1 11.2 
33619 9.7 6.7 8.8 41.3 13.2 42.5 
33621 12.8 13.2 0.2 26.9 10 35.4 
33624 3.5 6.2 8.3 7.2 7.1 13.8 
33625 4.9 7.5 7.1 8.1 7.1 15.1 
33626 1 10.9 5.5 5.5 3.3 11.9 
33629 0.9 6.5 16.9 1.4 4.1 4 
33634 7.4 6.2 9.1 9.1 8.1 19.1 
33635 3 7.5 10.2 6.4 5.9 12.1 
33637 5.6 7.5 7 17.7 9.5 22.3 
33647 2.5 8.2 4.9 6.5 4.8 15.6 
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Appendix D. Results of Stratified Frequency Table Analyses 
 
Poverty 
Environmental exposure to particulate maters (PM10) 
Table D-1. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and children asthma hospital admissions stratified 
by poverty status (SES – socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence 
Intervals) 
Poverty status 
category (strata) 
Environmental 
exposure to 
PM10, µg/m3 
Children 
hospitalizations 
for asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low SES by poverty 
(15-28.3 % persons 
living below poverty) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
177 
 
261 
 
 
74,444 
 
87,976 
 
 
2 
 
8 
 
 
 
RR=1.25 
(1.03-1.52) 
 
High SES by poverty  
(1.7 – 15 % persons 
living below poverty) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
13 
 
330 
 
 
4,476 
 
48,601 
 
 
19 
 
15 
 
 
 
 
RR=2.34 
(1.34-4.07) 
 
Total 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
190 
 
591 
 
 
78,920 
 
136,577 
 
 
21 
 
23 
 
 
 
RR=1.8 
(1.53-2.12) 
 
Table D-2. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and adult hospital admissions stratified by poverty 
status (SES – socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence Intervals) 
Poverty status 
category (strata) 
Environmental 
exposure to 
PM10, µg/m3 
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low SES by poverty 
(15-28.3 % persons 
living below poverty) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
255 
 
337 
 
 
297,065 
 
324,469 
 
 
2 
 
8 
 
 
 
 
RR=1.21 
(1.00-1.42) 
 
High SES by poverty 
(1.7 – 15 % persons 
living below poverty) 
 
≥ 22 and <25 
 
≥ 25 and ≤ 28 
 
 
17 
 
322 
 
 
11,039 
 
161,785 
 
 
19 
 
15 
 
 
 
RR=1.29 
(0.79-2.1) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
272 
 
659 
 
 
308,104 
 
486,254 
 
 
21 
 
23 
 
 
 
RR=1.54 
(1.33-1.77) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
Environmental exposure to sulfur dioxide (SO2) 
 
Table D-3. Association between environmental exposure to sulfur dioxide (SO2) and 
children asthma hospital admissions stratified by poverty status (SES – socioeconomic 
status; RR- rate ratio; 95% CI – 95% Confidence Intervals) 
Poverty status 
category (strata) 
Environmental 
Exposure to 
SO2, ppm 
Children hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low SES by poverty 
(15-28.3 % persons 
living below poverty) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
257 
 
181 
 
 
116,221 
 
46,199 
 
2 
 
8 
 
 
 
RR=1.8 
(1.47-2.14) 
 
High SES by poverty  
(1.7 – 15 % persons 
living below poverty) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
13 
 
330 
 
 
4,476 
 
48,601 
 
 
9 
 
25 
 
 
 
 
 
RR=2.3 
(1.34-4.07) 
 
Total 
 
 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
270 
 
511 
 
120,427 
 
94,289 
 
11 
 
33 
 
 
 
RR=2.4 
(2.08-2.79) 
 
Table D-4. Association between environmental exposure to sulfur dioxide (SO2) and 
adult asthma hospital admissions stratified by poverty status (SES – socioeconomic 
status; RR- rate ratio; 95% CI – 95% Confidence Intervals) 
Poverty status 
category (strata) 
Environmental 
Exposure to 
SO2, ppm 
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low SES by poverty 
(15-28.3 % persons 
living below poverty) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
381 
 
211 
 
428,948 
 
192,586 
 
2 
 
8 
 
 
 
RR=1.23 
(1.00-1.46) 
 
High SES by poverty 
(1.7 – 15 % persons 
living below poverty) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
17 
 
322 
 
 
11,039 
 
161,785 
 
 
9 
 
25 
 
 
 
RR=1.29 
(0.79-2.1) 
 
Total 
 
 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
398 
 
533 
 
439,589 
 
353,838 
 
11 
 
33 
 
 
 
RR=1.66 
(1.46-1.89) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
Family Income 
 
Environmental exposure to particulate maters (PM10) 
Table D-5. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and children asthma hospital admissions stratified 
by family income (SES – socioeconomic status; RR- rate ratio; 95% CI – 95% 
Confidence Intervals) 
SES categories by 
family income 
Environmental 
exposure to 
PM10, µg/m3 
Children hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low SES by annual 
family income of 
$15,000 and less 
(21.4 – 39.7 %) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
169 
 
329 
 
 
73,861 
 
99,355 
 
 
1 
 
6 
 
 
 
 
RR=1.5 
(1.2-1.75) 
 
High SES by annual 
family income of 
$15,000 and less (3.1 
- 21.4 %) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
21 
 
262 
 
5059 
 
37,222 
 
 
20 
 
17 
 
 
 
RR=1.7 
(1.09-2.64) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
190 
 
591 
 
 
78,920 
 
136,577 
 
 
21 
 
23 
 
 
 
RR=1.8 
(1.53-2.12) 
 
Table D-6. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and adult asthma hospital admissions stratified by 
family income (SES – socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence 
Intervals) 
SES categories by 
family income 
Environmental 
exposure to 
PM10, µg/m3 
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low SES by annual 
family income of 
$15,000 and less 
(21.4 – 39.7 %) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
239 
 
400 
 
 
283,739 
 
364,350 
 
 
1 
 
6 
 
 
 
RR=1.3 
(1.11-1.53) 
 
High SES by annual 
family income of 
$15,000 and less (3.1 
- 21.4 %) 
 
≥22 and < 25 
 
≥ 25 and ≤ 28 
 
 
33 
 
259 
 
 
24,365 
 
121,904 
 
 
20 
 
17 
 
 
 
RR=1.57 
(1.09-2.25) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
272 
 
659 
 
 
308,104 
 
486,254 
 
 
21 
 
23 
 
 
 
RR=1.54 
(1.33-1.77) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
Environmental exposure to sulfur dioxide (SO2) 
 
Table D-7. Association between environmental exposure to sulfur dioxide (SO2) and 
children asthma hospital admissions stratified by family income (SES – socioeconomic 
status; RR- rate ratio; 95% CI – 95% Confidence Intervals) 
SES categories 
by family income 
Environmental 
Exposure to SO2, 
ppm 
Children hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
Low SES by 
annual family 
income of 
$15,000 and less 
(21.4 – 39.7 %) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
249 
 
249 
 
115638 
 
57578 
 
1 
 
6 
 
 
 
RR=2.0 
(1.69-2.39) 
High SES by 
annual family 
income of 
$15,000 and less 
(3.1 - 21.4 %) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
21 
 
262 
 
 
5059 
 
37,222 
 
 
25 
 
12 
 
 
 
RR=1.7 
(1.09-2.64) 
 
Total 
 
 
 
≥3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
270 
 
511 
 
120,427 
 
94,289 
 
26 
 
18 
 
 
 
RR=2.4 
(2.08-2.79) 
 
Table D-8. Association between environmental exposure to sulfur dioxide (SO2) and 
adult asthma hospital admissions stratified by family income (SES – socioeconomic 
status; RR- rate ratio; 95% CI – 95% Confidence Intervals) 
SES categories 
by family income 
Environmental 
Exposure to SO2, 
ppm 
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
Low SES by 
annual family 
income of 
$15,000 and less 
(21.4 – 39.7 %) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
365 
 
274 
 
415622 
 
232467 
 
1 
 
6 
 
 
 
RR=1.3 
(1.15-1.57) 
High SES by 
annual family 
income of 
$15,000 and less 
(3.1 - 21.4 %) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
33 
 
259 
 
 
24,365 
 
121,904 
 
 
25 
 
12 
 
 
 
RR=1.5 
(1.1-2.2) 
 
Total 
 
 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
398 
 
533 
 
439,589 
 
353,838 
 
26 
 
18 
 
 
 
RR=1.7 
(1.46-1.89) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
White-collar occupation 
 
Environmental exposure to particulate maters (PM10) 
Table D-9. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and children asthma hospital admissions stratified 
by the percentage of white collar employees (SES – socioeconomic status; RR- rate ratio; 
95% CI – 95% Confidence Intervals) 
SES categories by 
percentage of white-collar 
occupation employees 
Environmenta
l exposure to 
PM10, µg/m3 
Children hospital 
admissions for 
asthma 
Total 
population 
Number of 
zip code areas 
of residence 
Rate Ratio 
(95% CI) 
 
Low SES by employment  
in white-collar 
occupations (14.5–36.1 %) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
108 
 
489 
 
 
37503 
 
99530 
 
 
11 
 
17 
 
 
 
RR=1.7 
(1.39-2.1) 
 
High SES by employment 
in white-collar 
occupations (36.1-57.7 %) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
82 
 
102 
 
 
41417 
 
37047 
 
 
10 
 
6 
 
 
 
RR=1.4 
(1.04-1.86) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
190 
 
591 
 
 
78,920 
 
136,577 
 
 
21 
 
23 
 
 
 
RR=1.8 
(1.53-2.12) 
 
Table D-10. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and children asthma hospital admissions stratified 
by the percentage of white collar employees (SES – socioeconomic status; RR- rate ratio; 
95% CI – 95% Confidence Intervals) 
SES categories by 
percentage of white-collar 
occupation employees 
Environmental 
exposure to 
PM10, µg/m3 
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of 
zip code areas 
of residence 
Rate Ratio 
(95% CI) 
 
Low SES by employment 
in white-collar 
occupations (14.5–36.1%) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
181 
 
534 
 
 
150776 
 
351734 
 
 
11 
 
17 
 
 
 
RR=1.3 
(1.07-1.5) 
 
High SES by employment 
in white-collar 
occupations (36.1-57.7 %) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
98 
 
125 
 
 
157328 
 
134520 
 
 
10 
 
6 
 
 
 
RR=1.6 
(1.22-2.12) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
272 
 
659 
 
 
308,104 
 
486,254 
 
 
21 
 
23 
 
 
 
RR=1.5 
(1.33-1.77) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
Environmental exposure to sulfur dioxide (SO2) 
 
Table D-11. Association between environmental exposure to sulfur dioxide (SO2) and 
children asthma hospital admissions stratified by the percentage of white collar 
employees (SES – socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence 
Intervals) 
SES categories by 
percentage of white-collar 
occupation employees 
Environmental 
Exposure to 
SO2, ppm 
Children hospital 
admissions for 
asthma 
Total 
population 
Number of 
zip code areas 
of residence 
Rate Ratio 
(95% CI) 
 
Low SES by employment 
in white-collar 
occupations (14.5–36.1 
%) 
 
≥ 3.5 and <5.2 
 
≥ 5.2 and ≤7.0 
 
 
149 
 
448 
 
55579 
 
81454 
 
15 
 
13 
 
 
 
RR=2.1 
(1.71-2.47) 
 
High SES by employment 
in white-collar 
occupations (36.1-57.7 %) 
 
≥ 3.5 and <5.2 
 
≥ 5.2 and ≤7.0 
 
 
121 
 
63 
 
65118 
 
13346 
 
11 
 
5 
 
 
 
RR=2.5 
(1.86-3.49) 
 
Total 
 
 
 
≥ 3.5 and <5.2 
 
≥ 5.2 and ≤7.0 
 
 
270 
 
511 
 
 
120,427 
 
94,289 
 
26 
 
18 
 
 
 
RR=2.4 
(2.08-2.79) 
 
Table D-12. Association between environmental exposure to sulfur dioxide (SO2) and 
adult asthma hospital admissions stratified by the percentage of white collar employees 
(SES – socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence Intervals) 
SES categories by 
percentage of white-collar 
occupation employees 
Environmental 
Exposure to 
SO2, ppm 
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of 
zip code areas 
of residence 
Rate Ratio 
(95% CI) 
 
Low SES by employment 
in white-collar occupations 
(14.5–36.1 %) 
 
≥ 3.5 and <5.2 
 
≥ 5.2 and ≤7.0 
 
 
260 
 
455 
 
210280 
 
292230 
 
15 
 
13 
 
 
 
RR=1.3 
(1.08-1.47) 
 
High SES by employment 
in white-collar occupations 
(36.1-57.7 %) 
 
≥ 3.5 and <5.2 
 
≥ 5.2 and ≤7.0 
 
 
138 
 
78 
 
229707 
 
62141 
 
11 
 
5 
 
 
 
RR=2.0 
(1.57-2.76 
 
Total 
 
 
 
≥ 3.5 and <5.2 
 
≥ 5.2 and ≤7.0 
 
 
398 
 
533 
 
439,589 
 
353,838 
 
26 
 
18 
 
 
 
RR=1.7 
(1.46-1.89) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
Single parent families with children 
Environmental exposure to particulate maters (PM10) 
Table D-13. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and children asthma hospital admissions stratified 
by single parent with children status (SES – socioeconomic status; RR- rate ratio; 95% CI 
– 95% Confidence Intervals) 
SES categories (strata) by 
the percentage single 
parent living with children  
Environmental 
exposure to 
PM10, µg/m3 
Children hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low SES by single parent 
living with children (7.6-
15.2 %) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
139 
 
122 
 
 
64164 
 
48390 
 
 
4 
 
17 
 
 
 
RR=1.2 
(0.91-1.48) 
 
High SES by single parent 
living with children (0-7.6 
%) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
51 
 
469 
 
 
14756 
 
88187 
 
 
17 
 
6 
 
 
 
RR=1.5 
(1.15-2.05) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
190 
 
591 
 
 
78,920 
 
136,577 
 
 
21 
 
23 
 
 
 
RR=1.8 
(1.53-2.12) 
 
Table D-14. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and adult asthma hospital admissions stratified by 
single parent with children status (SES – socioeconomic status; RR- rate ratio; 95% CI – 
95% Confidence Intervals) 
SES categories (strata) by 
the percentage single parent 
living with children  
Environmenta
l exposure to 
PM10, µg/m3  
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low SES by single parent 
living with children (7.6-
15.2 %) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
194 
 
157 
 
 
256369 
 
178645 
 
 
4 
 
17 
 
 
 
RR=1.2 
(0.94-1.43) 
 
High SES by single parent 
living with children (0-7.6 
%) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
78 
 
502 
 
 
51735 
 
307609 
 
 
17 
 
6 
 
 
 
RR=1.1 
(0.85-1.38) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
272 
 
659 
 
 
308,104 
 
486,254 
 
 
21 
 
23 
 
 
 
RR=1.5 
(1.33-1.77) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
Environmental exposure to sulfur dioxide (SO2) 
 
Table D-15. Association between environmental exposure to sulfur dioxide (SO2) and 
children asthma hospital admissions stratified by the percentage of single parent living 
with children (SES – socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence 
Intervals) 
SES categories (strata) by 
the percentage single 
parent living with children  
Environmental 
Exposure to 
SO2, ppm 
Children 
hospitalizations 
for asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low SES by single parent 
living with children (7.6-
15.2 %) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
206 
 
55 
 
98971 
 
13583 
 
7 
 
14 
 
 
 
RR=1.95 
(1.41-2.62) 
 
High SES by single parent 
living with children (0-7.6 
%) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
64 
 
456 
 
21726 
 
81217 
 
19 
 
4 
 
 
 
RR=1.9 
(1.47-2.47) 
 
Total 
 
 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
270 
 
511 
 
120,427 
 
94,289 
 
26 
 
18 
 
 
 
RR=2.4 
(2.08-2.79) 
  
Table D-16. Association between environmental exposure to sulfur dioxide (SO2) and 
adult asthma hospital admissions stratified by the percentage of single parent living with 
children (SES – socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence 
Intervals) 
SES categories (strata) by 
the percentage single 
parent living with children  
Environmental 
Exposure to 
SO2, ppm 
Adults 
hospitalizations 
for asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low SES by single parent 
living with children (7.6-
15.2 %) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
281 
 
70 
 
364762 
 
70252 
 
7 
 
14 
 
 
 
RR=1.3 
(1.00-1.68) 
 
High SES by single parent 
living with children (0-7.6 
%) 
 
≥ 3.5 and <5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
117 
 
463 
 
75225 
 
284119 
 
19 
 
4 
 
 
 
RR=1.1 
(0.86-1.28) 
 
Total 
 
 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
398 
 
533 
 
439,589 
 
353,838 
 
26 
 
18 
 
 
 
RR=1.7 
(1.46-1.89) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
Overcrowded living conditions 
Environmental exposure to particulate maters (PM10) 
Table D-17. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and children asthma hospital admissions stratified 
by overcrowded housing conditions (SES – socioeconomic status; RR- rate ratio; 95% CI 
– 95% Confidence Intervals) 
SES categories (strata) 
by overcrowding 
Environmental 
exposure to 
PM10, µg/m3 
Children hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
Low SES by living in 
overcrowded conditions 
(9.5-28.1 %)  
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
84 
 
326 
 
 
 
 
38022 
 
90410 
 
 
 
 
2 
 
8 
 
 
 
RR=1.6 
(1.28-2.07) 
High SES by living in 
overcrowded conditions 
(0-9.5 %) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
15 
 
265 
 
 
 
5074 
 
46167 
 
 
19 
 
15 
 
 
 
RR=1.9 
(1.16-3.26) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
190 
 
591 
 
 
78,920 
 
136,577 
 
 
21 
 
23 
 
 
 
RR=1.8 
(1.53-2.12) 
  
Table D-18. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and adult asthma hospital admissions stratified by 
overcrowded housing conditions (SES – socioeconomic status; RR- rate ratio; 95% CI – 
95% Confidence Intervals) 
SES categories (strata) 
by overcrowding 
Environmental 
exposure to 
PM10, µg/m3 
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of 
zip code areas 
of residence 
Rate Ratio 
(95% CI) 
 
Low SES by living in 
overcrowded conditions 
(9.5-28.1 %)  
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
141 
 
380 
 
 
154160 
 
326411 
 
2 
 
8 
 
 
 
RR=1.3 
(1.00-1.54) 
 
High SES by living in 
overcrowded conditions 
(0-9.5 %) 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
20 
 
279 
 
 
15802 
 
159843 
 
 
19 
 
15 
 
 
 
RR=1.4 
(0.88-2.17) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
272 
 
659 
 
 
308,104 
 
486,254 
 
 
21 
 
23 
 
 
 
RR=1.5 
(1.33-1.77) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
Environmental exposure to sulfur dioxide (SO2) 
 
Table D-19. Association between environmental exposure to sulfur dioxide (SO2) and 
children asthma hospital admissions stratified by overcrowded housing conditions (SES – 
socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence Intervals) 
SES categories (strata) 
by overcrowding 
Environmental 
Exposure to 
SO2, ppm 
Children hospital 
admissions for 
asthma 
Total 
population 
Number of 
zip code areas 
of residence 
Rate Ratio 
(95% CI) 
 
Low SES by living in 
overcrowded conditions 
(9.5-28.1 %)  
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
248 
 
253 
 
112818 
 
51438 
 
3 
 
7 
 
 
 
RR=2.2 
(1.88-2.66) 
 
High SES living in 
overcrowded conditions 
(0-9.5 %) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
22 
 
258 
 
7879 
 
43362 
 
23 
 
11 
 
 
 
RR=2.1 
(1.38-3.29) 
 
Total 
 
 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
270 
 
511 
 
120,427 
 
94,289 
 
26 
 
18 
 
 
 
RR=2.4 
(2.08-2.79) 
 
Table D-20. Association between environmental exposure to sulfur dioxide (SO2) and 
adult asthma hospital admissions stratified by overcrowded housing conditions (SES – 
socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence Intervals) 
SES categories (strata) 
by overcrowding 
Environmental 
Exposure to 
SO2, ppm 
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of 
zip code areas 
of residence 
Rate Ratio 
(95% CI) 
 
Low SES by living in 
overcrowded conditions 
(9.5-28.1 %)  
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
369 
 
263 
 
415559 
 
203154 
 
3 
 
7 
 
 
 
RR=1.5 
(1.24-1.71) 
 
High SES by living in 
overcrowded conditions 
(0-9.5 %) 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
29 
 
270 
 
24428 
 
151217 
 
23 
 
11 
 
 
 
RR=1.5 
(1.03-2.21) 
 
Total 
 
 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
398 
 
533 
 
439,589 
 
353,838 
 
26 
 
18 
 
 
 
RR=1.7 
(1.46-1.89) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
Urban Deprivation Index (UDI) 
Environmental exposure to particulate maters (PM10) 
Table D-21. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and children asthma hospital admissions stratified 
by UDI index (SES – socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence 
Intervals) 
Socioeconomic status 
categories (strata) by 
UDI 
Environmental 
exposure to 
PM10, µg/m3 
Children hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low socioeconomic 
status by UDI of 17-
26 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
82 
 
161 
 
 
41417 
 
56879 
 
 
8 
 
14 
 
 
 
RR=1.4 
(1.1-1.86) 
 
High socioeconomic 
status by UDI of 8-17 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
108 
 
424 
 
 
37503 
 
73369 
 
 
13 
 
9 
 
 
 
RR=2.0 
(1.63-2.48) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
190 
 
591 
 
 
78,920 
 
136,577 
 
 
21 
 
23 
 
 
 
RR=1.8 
(1.53-2.12) 
 
Table D-22. Association between environmental exposure to particulate matters with a 
diameter of 10 microns or less (PM10) and children asthma hospital admissions stratified 
by UDI index (SES – socioeconomic status; RR- rate ratio; 95% CI – 95% Confidence 
Intervals) 
Socioeconomic status 
categories (strata) by 
UDI 
Environmental 
exposure to 
PM10, µg/m3 
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low socioeconomic 
by UDI of 17-26 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
91 
 
204 
 
 
157328 
 
212313 
 
 
8 
 
14 
 
 
 
RR=1.6 
(1.3-2.13) 
 
High socioeconomic 
by UDI score of 8-17 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
181 
 
455 
 
 
150776 
 
253980 
 
 
13 
 
9 
 
 
 
RR=1.5 
(1.25-1.78) 
 
Total 
 
 
 
≥ 22 and < 25 
 
≥ 25 and ≤ 28 
 
 
272 
 
659 
 
 
308,104 
 
486,254 
 
 
21 
 
23 
 
 
 
RR=1.5 
(1.33-1.77) 
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Appendix D. Results of Stratified Frequency Table Analyses (cont.) 
 
Environmental exposure to sulfur dioxide (SO2) 
 
Table D-23. Association between environmental exposure to sulfur dioxide (SO2) and 
children asthma hospital admissions stratified by UDI index (SES – socioeconomic 
status; RR- rate ratio; 95% CI – 95% Confidence Intervals) 
Socioeconomic status 
categories (strata) by 
UDI 
Environmental 
Exposure to 
SO2, ppm 
Children hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low socioeconomic 
by UDI of 17-26 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
136 
 
107 
 
67090 
 
32106 
 
11 
 
11 
 
 
 
RR=1.7 
(1.31-2.18) 
 
High socioeconomic 
by UDI score of 8-17 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
128 
 
404 
 
47278 
 
63594 
 
15 
 
7 
 
 
 
RR=2.4 
(2.08-2.79 
 
Total 
 
 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
270 
 
511 
 
120,427 
 
94,289 
 
26 
 
18 
 
 
 
 
RR=2.4 
(2.08-2.79) 
 
Table D-24. Association between environmental exposure to sulfur dioxide (SO2) and 
adult asthma hospital admissions stratified by UDI index (SES – socioeconomic status; 
RR- rate ratio; 95% CI – 95% Confidence Intervals) 
Socioeconomic status 
categories (strata) by 
UDI 
Environmental 
Exposure to 
SO2, ppm 
Adults hospital 
admissions for 
asthma 
Total 
population 
Number of zip 
code areas of 
residence 
Rate Ratio 
(95% CI) 
 
Low socioeconomic 
by UDI of 17-26 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
169 
 
126 
 
237134 
 
132507 
 
11 
 
11 
 
 
 
RR=1.3 
(1.06-1.69) 
 
High socioeconomic 
by UDI score of 8-17 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
229 
 
407 
 
182892 
 
221864 
 
15 
 
7 
 
 
 
RR=1.4 
(1.25-1.72) 
 
Total 
 
 
 
≥ 3.5 and < 5.2 
 
≥ 5.2 and ≤ 7.0 
 
 
398 
 
533 
 
439,589 
 
353,838 
 
26 
 
18 
 
 
 
 
RR=1.7 
(1.46-1.89) 
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Appendix E. Principal Component Analysis (PCA) 
 
Statistical Principal Component Analysis Outcome 
 
                           00:23 Tuesday, July 20, 2004 
 
                                      The FACTOR Procedure 
 
                       Means and Standard Deviations from 44 Observations 
 
                         Variable                   Mean       Std Dev 
 
                         Poverty                9.863636      7.037312 
                         Education_9            7.009091      6.045249 
                         Unemployment           3.520455      1.918524 
                         Occupationprof        32.227273     11.573755 
                         Inchouse_15000        14.759091      7.905027 
                         Houseyr_1960          18.800000     19.724356 
                         Novehicle              7.809091      6.215989 
                         Househeating_fuel      0.681818      0.627017 
                         Lackingfacilities      0.954545      0.906938 
                         Occupants_over1        6.634091      5.133064 
                         Singleh_children       7.756818      3.364410 
                         Ethnicminorhh         20.345455     15.022161 
 
                                Factorial Analysis: All Factors                                
 
                                      The FACTOR Procedure 
                            Initial Factor Method: Principal Factors 
 
                              Prior Communality Estimates: SMC 
 
          Education_                                    Inchouse_     Houseyr_ 
Poverty            9   Unemployment   Occupationprof        15000         1960  Novehicle 
 
0.9418095  0.9091614     0.57277793       0.74331869   0.90053438   0.64458572 0.89357079 
 
Househeating_                             Occupants_        Singleh_ 
         fuel      Lackingfacilities           over1        children      Ethnicminorhh 
 
   0.68351854             0.77796501      0.91752546      0.92464636         0.90680777 
 
Eigenvalues of the Reduced Correlation Matrix: Total = 9.81622159  Average = 0.81801847 
 
                          Eigenvalue    Difference    Proportion    Cumulative 
 
                     1    7.00939119    5.57098156        0.7141        0.7141 
                     2    1.43840963    0.80534525        0.1465        0.8606 
                     3    0.63306438    0.26009731        0.0645        0.9251 
                     4    0.37296707    0.00816266        0.0380        0.9631 
                     5    0.36480440    0.16341926        0.0372        1.0002 
                     6    0.20138515    0.14776257        0.0205        1.0208 
                     7    0.05362258    0.02876487        0.0055        1.0262 
                     8    0.02485770    0.06118532        0.0025        1.0288 
                     9    -.03632762    0.01409821       -0.0037        1.0251 
                    10    -.05042583    0.01171828       -0.0051        1.0199 
                    11    -.06214411    0.07123884       -0.0063        1.0136 
                    12    -.13338295                     -0.0136        1.0000 
 
                    5 factors will be retained by the PROPORTION criterion. 
 
 
                                Factorial Analysis: All Factors                                
 
                                      The FACTOR Procedure 
                            Initial Factor Method: Principal Factors 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
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                                Factorial Analysis: All Factors                               
85 
                                                             00:23 Tuesday, July 20, 2004 
 
                                      The FACTOR Procedure 
                            Initial Factor Method: Principal Factors 
 
                                         Factor Pattern 
 
                         Factor1      Factor2        Factor3        Factor4       Factor5 
 
Poverty                  0.95604       -0.06621       -0.01235       -0.15941     0.00415 
Education_9              0.73141       -0.57556        0.15277        0.15096    -0.12220 
Unemployment             0.62415        0.19115        0.27527        0.06449     0.22187 
Occupationprof          -0.64353        0.45874        0.26610       -0.04511     0.18968 
Inchouse_15000           0.88870        0.14902        0.10512       -0.24773    -0.14719 
Houseyr_1960             0.52884        0.47715        0.10317        0.38155     0.06389 
Novehicle                0.85725        0.35359        0.12557       -0.15122    -0.03057 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
 
Househeating_fuel        0.61610        0.34419       -0.05225        0.21273    -0.37786 
Lackingfacilities        0.74323       -0.19508        0.38053       -0.10437     0.00532 
Occupants_over1          0.76940       -0.51148       -0.02832        0.17098     0.22991 
Singleh_children         0.82061        0.15962       -0.47709       -0.05277     0.12293 
Ethnicminorhh            0.86893        0.19307       -0.22265       -0.02420     0.16491 
 
                                Variance Explained by Each Factor 
 
              Factor1         Factor2         Factor3         Factor4         Factor5 
 
            7.0093912       1.4384096       0.6330644       0.3729671       0.3648044 
 
                          Final Communality Estimates: Total = 9.818637 
 
          Education_                                    Inchouse_     Houseyr_ 
Poverty            9   Unemployment   Occupationprof        15000         1960  Novehicle 
 
0.9439808  0.92727862    0.55526567       0.73339843   0.90608104   0.66764444 0.89947938 
 
Househeating_                             Occupants_        Singleh_ 
          fuel      Lackingfacilities           over1        children      Ethnicminorhh 
 
    0.68880176             0.74616427      0.93648280      0.94439265         0.86966679 
 
                                Factorial Analysis: All Factors                                
 
                                      The FACTOR Procedure 
                                  Prerotation Method: Varimax 
 
                                Orthogonal Transformation Matrix 
 
                        1               2               3               4               5 
 
        1         0.53703         0.52930         0.49518         0.34411         0.26043 
        2        -0.79384         0.15683         0.21923         0.45533         0.29972 
        3         0.01816         0.56813        -0.75663         0.29172        -0.13894 
        4         0.28134        -0.60947        -0.23362         0.66820         0.21984 
        5        -0.04402        -0.03189         0.28225         0.37772        -0.88017 
 
                                     Rotated Factor Pattern 
 
                      Factor1        Factor2        Factor3        Factor4        Factor5 
Poverty               0.52072        0.58566        0.50665        0.19029        0.19216 
Education_9           0.90031        0.29556        0.05065        0.08890        0.13749 
Unemployment          0.19682        0.47035        0.19026        0.50902        0.00049 
Occupationprof       -0.72597       -0.09605       -0.35536        0.10656       -0.24395 
Inchouse_15000        0.29765        0.70916        0.40953        0.18321        0.33659 
Houseyr_1960          0.01163        0.17878        0.21731        0.70842        0.29405 
Novehicle             0.14076        0.67368        0.43370        0.38003        0.30545 
Househeating_fuel     0.13317        0.23279        0.26372        0.35291        0.65022 
Lackingfacilities     0.53130        0.64243        0.06322        0.21021        0.05459 
Occupants_over1       0.85669        0.19940        0.31523        0.22470       -0.11376 
Singleh_children      0.28506        0.21657        0.84935        0.22706        0.20804 
Ethnicminorhh         0.29526        0.37320        0.69327        0.36809        0.16463 
 
                                Variance Explained by Each Factor 
 
              Factor1         Factor2         Factor3         Factor4         Factor5 
 
            2.9583918       2.3423882       2.1996925       1.4006714       0.9174928 
 
                          Final Communality Estimates: Total = 9.818637 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
 
          Education_                                    Inchouse_     Houseyr_ 
Poverty            9   Unemployment   Occupationprof        15000         1960  Novehicle 
 
0.9439808  0.92727862    0.55526567       0.73339843   0.90608104   0.66764444 0.89947938 
 
Househeating_                             Occupants_        Singleh_ 
         fuel      Lackingfacilities           over1        children      Ethnicminorhh 
 
   0.68880176             0.74616427      0.93648280      0.94439265         0.86966679 
 
                                Factorial Analysis: All Factors                                
 
                                      The FACTOR Procedure 
                                  Prerotation Method: Varimax 
 
                          Scoring Coefficients Estimated by Regression 
 
                 Squared Multiple Correlations of the Variables with Each Factor 
 
              Factor1         Factor2         Factor3         Factor4         Factor5 
 
           0.93604051      0.83994683      0.88751084      0.69969055      0.68736877 
 
                               Standardized Scoring Coefficients 
 
                      Factor1        Factor2        Factor3        Factor4        Factor5 
 
Poverty            -0.0900004     0.74127728     0.19069678     -0.5388132     -0.2747786 
Education_9        0.55541344     -0.1823784     -0.3581759     -0.1566692     0.80261666 
Unemployment       -0.0247237     0.06631889     -0.1180558     0.37687599     -0.2623286 
Occupationprof      -0.129206     0.09742638     -0.0250212      0.2284694     -0.2346521 
Inchouse_15000     -0.0147006     0.45994343     -0.0813797     -0.2599096     0.17046002 
Houseyr_1960       -0.0228924     -0.1270672     -0.0827875     0.40599101     0.22886721 
Novehicle          -0.2186091     0.19940346     -0.0526004     0.35525167     0.11053001 
Househeating_fuel  0.04968591     -0.1963758     -0.1359695     0.24064348     0.40083712 
Lackingfacilities   0.0299189     0.30458739     -0.1100149     -0.0803787     -0.0589363 
Occupants_over1    0.51178599     -0.3343239     0.04559336      0.6459242     -1.0150688 
Singleh_children   0.01835532     -0.6188101     0.94380078     -0.1482017     0.25840976 
Ethnicminorhh      -0.1247892     0.13613231     0.17822734      0.1234784     -0.0752074 
 
                                Factorial Analysis: All Factors                                
 
                                      The FACTOR Procedure 
                              Rotation Method: Promax (power = 3) 
 
                          Target Matrix for Procrustean Transformation 
 
                         Factor1        Factor2        Factor3        Factor4     Factor5 
 
Poverty                  0.18837        0.52966        0.21240        0.01153     0.01609 
Education_9              1.00000        0.06992        0.00022        0.00121     0.00605 
Unemployment             0.02255        0.60818        0.02493        0.48909     0.00000 
Occupationprof          -0.74539       -0.00341       -0.10702        0.00296    -0.04807 
Inchouse_15000           0.03741        1.00000        0.11928        0.01094     0.09195 
Houseyr_1960             0.00000        0.02533        0.02818        1.00000     0.09692 
Novehicle                0.00400        0.86674        0.14323        0.09872     0.06947 
Househeating_fuel        0.00505        0.05337        0.04806        0.11797     1.00000 
Lackingfacilities        0.28472        0.99480        0.00059        0.02211     0.00053 
Occupants_over1          0.84892        0.02116        0.05177        0.01921    -0.00338 
Singleh_children         0.03088        0.02677        1.00000        0.01957     0.02040 
Ethnicminorhh            0.03884        0.15500        0.61537        0.09435     0.01144 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
 
Procrustean Transformation Matrix 
 
                        1               2               3               4               5 
 
        1      1.15487157      -0.2771411      -0.1386402      0.02884896      0.05014828 
        2      -0.3720236      1.76239364      -0.1923852      -0.3351254      -0.2485143 
        3      -0.2812513      -0.2591224      1.12552624      -0.2345505      -0.2570311 
        4        0.091164      -0.3026886      -0.1101431       1.2636828      0.12853892 
        5      0.08668962      -0.1842499      -0.2458185      0.02258624      1.20471094 
 
                            Normalized Oblique Transformation Matrix 
 
                        1               2               3               4               5 
 
        1      0.33540944      0.40264935      0.32927514      0.14244965      0.11903458 
        2       -0.961974      0.19714757      0.23923978      0.39862331      0.26854944 
        3       0.0366815      0.90325145      -1.1341057      0.30915943      -0.0714459 
        4      0.69206311      -1.0669414      -0.3684512      0.97756941        0.544094 
        5      -0.1590138      -0.0554133      0.59534021      0.35079378       -1.018255 
 
                                Factorial Analysis: All Factors                                
 
                                      The FACTOR Procedure 
                              Rotation Method: Promax (power = 3) 
 
                                   Inter-Factor Correlations 
 
                  Factor1         Factor2         Factor3         Factor4         Factor5 
 
  Factor1         1.00000         0.51644         0.45615         0.12274         0.12942 
  Factor2         0.51644         1.00000         0.59589         0.44133         0.40197 
  Factor3         0.45615         0.59589         1.00000         0.35469         0.47038 
  Factor4         0.12274         0.44133         0.35469         1.00000         0.08452 
  Factor5         0.12942         0.40197         0.47038         0.08452         1.00000 
 
 
                 Rotated Factor Pattern (Standardized Regression Coefficients) 
 
                      Factor1        Factor2        Factor3        Factor4        Factor5 
 
  Poverty             0.27292        0.53060        0.37416       -0.04840        0.00595 
  Education_9         0.92850        0.16473       -0.19849        0.02670        0.12815 
  Unemployment        0.04491        0.45653        0.04740        0.39108       -0.08487 
  Occupationprof     -0.70876        0.10930       -0.27439        0.19590       -0.19011 
  Inchouse_15000      0.01054        0.75464        0.21271       -0.07531        0.15338 
  Houseyr_1960       -0.02394       -0.01044        0.06873        0.69284        0.32626 
  Novehicle          -0.14780        0.69135        0.26197        0.14333        0.13688 
  Househeating_fuel   0.08094        0.06270        0.04113        0.28422        0.67000 
  Lackingfacilities   0.37783        0.71558       -0.19189        0.04559       -0.05331 
  Occupants_over1     0.83083       -0.01178        0.23697        0.14475       -0.18483 
  Singleh_children    0.04813       -0.01956        0.94209        0.02457        0.02075 
  Ethnicminorhh       0.05458        0.20351        0.69191        0.16610       -0.00990 
 
                                  Reference Axis Correlations 
 
                Factor1         Factor2         Factor3         Factor4         Factor5 
 
Factor1         1.00000        -0.41149        -0.29513         0.20508         0.21409 
Factor2        -0.41149         1.00000        -0.23666        -0.37870        -0.27819 
Factor3        -0.29513        -0.23666         1.00000        -0.22186        -0.37412 
Factor4         0.20508        -0.37870        -0.22186         1.00000         0.19923 
Factor5         0.21409        -0.27819        -0.37412         0.19923         1.00000 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
 
Factorial Analysis: All Factors 
 
                                      The FACTOR Procedure 
                              Rotation Method: Promax (power = 3) 
 
                         Reference Structure (Semipartial Correlations) 
 
                      Factor1        Factor2        Factor3        Factor4        Factor5 
 
Poverty               0.21968        0.36117        0.26849       -0.04160        0.00499 
Education_9           0.74736        0.11213       -0.14243        0.02295        0.10738 
Unemployment          0.03615        0.31076        0.03401        0.33616       -0.07111 
Occupationprof       -0.57049        0.07440       -0.19690        0.16838       -0.15930 
Inchouse_15000        0.00848        0.51367        0.15263       -0.06473        0.12852 
Houseyr_1960         -0.01927       -0.00711        0.04932        0.59553        0.27338 
Novehicle            -0.11897        0.47059        0.18798        0.12320        0.11469 
Househeating_fuel     0.06515        0.04268        0.02952        0.24430        0.56141 
Lackingfacilities     0.30412        0.48708       -0.13769        0.03919       -0.04467 
Occupants_over1       0.66874       -0.00802        0.17004        0.12442       -0.15487 
Singleh_children      0.03874       -0.01332        0.67603        0.02112        0.01739 
Ethnicminorhh         0.04393        0.13853        0.49650        0.14277       -0.00830 
 
                   Variance Explained by Each Factor Eliminating Other Factors 
 
              Factor1         Factor2         Factor3         Factor4         Factor5 
 
            1.4955581       0.9889773       0.9456430       0.6151745       0.4879279 
 
                                Factor Structure (Correlations) 
 
                         Factor1        Factor2        Factor3        Factor4     Factor5 
 
Poverty                  0.71245        0.87553        0.80046        0.35248     0.42646 
Education_9              0.94289        0.58925        0.39295        0.15379     0.22342 
Unemployment             0.33932        0.64645        0.43872        0.60772     0.15980 
Occupationprof          -0.77804       -0.41020       -0.55250        0.04375     0.35042 
Inchouse_15000           0.50789        0.91525        0.71263        0.34744     0.55177 
Houseyr_1960             0.12928        0.45506        0.45080        0.73724     0.40985 
Novehicle                0.36404        0.88940        0.72174        0.53479     0.53098 
Househeating_fuel        0.25368        0.52376        0.53138        0.39304     0.74905 
Lackingfacilities        0.65855        0.79505        0.39796        0.33521     0.19682 
Occupants_over1          0.92668        0.54809        0.57333        0.30996     0.04166 
Singleh_children         0.47346        0.58586        0.97086        0.35775     0.46433 
Ethnicminorhh            0.49440        0.71332        0.89233        0.50719     0.41847 
 
                    Variance Explained by Each Factor Ignoring Other Factors 
 
              Factor1         Factor2         Factor3         Factor4         Factor5 
 
            4.3496607       5.5946183       5.0331196       2.2175111       2.1267576 
 
                                Factorial Analysis: All Factors                                
 
                                      The FACTOR Procedure 
                              Rotation Method: Promax (power = 3) 
 
                          Final Communality Estimates: Total = 9.818637 
 
          Education_                                    Inchouse_     Houseyr_ 
Poverty            9   Unemployment   Occupationprof        15000         1960  Novehicle 
0.9439808 0.92727862     0.55526567       0.73339843   0.90608104   0.66764444 0.89947938 
 
Househeating_                             Occupants_        Singleh_ 
         fuel      Lackingfacilities           over1        children      Ethnicminorhh 
 
   0.68880176             0.74616427      0.93648280      0.94439265         0.86966679 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
 
                                Factorial Analysis: All Factors                                
 
                                      The FACTOR Procedure 
                              Rotation Method: Promax (power = 3) 
 
                          Scoring Coefficients Estimated by Regression 
 
                 Squared Multiple Correlations of the Variables with Each Factor 
 
              Factor1         Factor2         Factor3         Factor4         Factor5 
 
           0.95675346      0.94571859      0.95551410      0.74420049      0.76240783 
 
                               Standardized Scoring Coefficients 
 
                         Factor1        Factor2        Factor3        Factor4     Factor5 
 
Poverty                  0.04535        0.46318        0.14429       -0.35685     0.14204 
Education_9              0.45682        0.03264       -0.08781       -0.25423     0.65744 
Unemployment            -0.01601        0.06954       -0.06793        0.37596     0.24430 
Occupationprof          -0.10377        0.05406       -0.03150        0.24545     0.20378 
Inchouse_15000           0.04897        0.33412        0.00792       -0.18625     0.19472 
Houseyr_1960            -0.02990        0.01386        0.02570        0.35287     0.20572 
Novehicle               -0.15867        0.20684        0.04199        0.36885     0.14028 
Househeating_fuel        0.01364       -0.04811       -0.01965        0.16656     0.33728 
Lackingfacilities        0.06221        0.21073       -0.04953       -0.03293     0.04129 
Occupants_over1          0.44848       -0.14311        0.02938        0.62327     0.94836 
Singleh_children         0.05322       -0.27885        0.72284       -0.15544     0.37408 
Ethnicminorhh           -0.06080        0.14238        0.16912        0.16790     0.00288 
 
 
                              Factorial Analysis: Only One Factors                             
                                                                    
                       Means and Standard Deviations from 44 Observations 
 
                         Variable                   Mean       Std Dev 
 
                         Poverty                9.863636      7.037312 
                         Education_9            7.009091      6.045249 
                         Unemployment           3.520455      1.918524 
                         Occupationprof        32.227273     11.573755 
                         Inchouse_15000        14.759091      7.905027 
                         Houseyr_1960          18.800000     19.724356 
                         Novehicle              7.809091      6.215989 
                         Househeating_fuel      0.681818      0.627017 
                         Lackingfacilities      0.954545      0.906938 
                         Occupants_over1        6.634091      5.133064 
                         Singleh_children       7.756818      3.364410 
                         Ethnicminorhh         20.345455     15.022161 
 
                              Factorial Analysis: Only One Factors                             
 
                                      The FACTOR Procedure 
                            Initial Factor Method: Principal Factors 
 
                              Prior Communality Estimates: SMC 
 
          Education_                                    Inchouse_     Houseyr_ 
Poverty            9   Unemployment   Occupationprof        15000         1960  Novehicle 
 
0.9418095  0.90916140    0.57277793       0.74331869   0.90053438   0.64458572 0.89357079 
 
Househeating_                             Occupants_        Singleh_ 
         fuel      Lackingfacilities           over1        children      Ethnicminorhh 
 
   0.68351854             0.77796501      0.91752546      0.92464636         0.90680777 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
 
  Eigenvalues of the Reduced Correlation Matrix: Total = 9.81622159  Average = 0.81801847 
 
                          Eigenvalue    Difference    Proportion    Cumulative 
 
                     1    7.00939119    5.57098156        0.7141        0.7141 
                     2    1.43840963    0.80534525        0.1465        0.8606 
                     3    0.63306438    0.26009731        0.0645        0.9251 
                     4    0.37296707    0.00816266        0.0380        0.9631 
                     5    0.36480440    0.16341926        0.0372        1.0002 
                     6    0.20138515    0.14776257        0.0205        1.0208 
                     7    0.05362258    0.02876487        0.0055        1.0262 
                     8    0.02485770    0.06118532        0.0025        1.0288 
                     9    -.03632762    0.01409821       -0.0037        1.0251 
                    10    -.05042583    0.01171828       -0.0051        1.0199 
                    11    -.06214411    0.07123884       -0.0063        1.0136 
                    12    -.13338295                     -0.0136        1.0000 
 
                      1 factor will be retained by the NFACTOR criterion. 
 
                            Initial Factor Method: Principal Factors 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
                                                 
Number 
                              Factorial Analysis: Only One Factors                             
 
                                      The FACTOR Procedure 
                            Initial Factor Method: Principal Factors 
 
                                        Factor Pattern 
 
                                                         Factor1 
 
                               Poverty                   0.95604 
                               Education_9               0.73141 
                               Unemployment              0.62415 
                               Occupationprof           -0.64353 
                               Inchouse_15000            0.88870 
                               Houseyr_1960              0.52884 
                               Novehicle                 0.85725 
                               Househeating_fuel         0.61610 
                               Lackingfacilities         0.74323 
                               Occupants_over1           0.76940 
                               Singleh_children          0.82061 
                               Ethnicminorhh             0.86893 
 
                                Variance Explained by Each Factor 
 
                                              Factor1 
 
                                            7.0093912 
 
                          Final Communality Estimates: Total = 7.009391 
 
          Education_                                    Inchouse_     Houseyr_ 
Poverty            9   Unemployment   Occupationprof        15000         1960  Novehicle 
 
0.9140166  0.5349540     0.38956819       0.41413509   0.78978776   0.27966755   0.734883 
 
Househeating_                             Occupants_        Singleh_ 
         fuel      Lackingfacilities           over1        children      Ethnicminorhh 
 
   0.37957771             0.55238347      0.59197810      0.67340173         0.75503785 
 
 
                              Factorial Analysis: Only One Factors                             
 
                                      The FACTOR Procedure 
                                  Prerotation Method: Varimax 
 
                            
                              Factorial Analysis: Only One Factors                             
 
                                      The FACTOR Procedure 
                                  Prerotation Method: Varimax 
 
                          Scoring Coefficients Estimated by Regression 
 
 
                 Squared Multiple Correlations of the Variables with Each Factor 
 
                                              Factor1 
 
                                           0.98355880 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
 
                               Standardized Scoring Coefficients 
 
                                                         Factor1 
 
                               Poverty                   0.18148 
                               Education_9               0.17949 
                               Unemployment              0.02474 
                               Occupationprof           -0.01270 
                               Inchouse_15000            0.15021 
                               Houseyr_1960              0.07877 
                               Novehicle                 0.11313 
                               Househeating_fuel         0.04261 
                               Lackingfacilities         0.07980 
                               Occupants_over1           0.07838 
                               Singleh_children          0.16597 
                               Ethnicminorhh             0.11620 
 
                              Factorial Analysis: Only One Factors                             
 
                                       
The FACTOR Procedure 
                                  Prerotation Method: Varimax 
 
                          Scoring Coefficients Estimated by Regression 
 
                 Squared Multiple Correlations of the Variables with Each Factor 
 
                                              Factor1 
 
                                           0.98355880 
                               Standardized Scoring Coefficients 
 
                                                         Factor1 
 
                               Poverty                   0.18148 
                               Education_9               0.17949 
                               Unemployment              0.02474 
                               Occupationprof           -0.01270 
                               Inchouse_15000            0.15021 
                               Houseyr_1960              0.07877 
                               Novehicle                 0.11313 
                               Househeating_fuel         0.04261 
                               Lackingfacilities         0.07980 
                               Occupants_over1           0.07838 
                               Singleh_children          0.16597 
                               Ethnicminorhh             0.11620 
 
 
                       Final Model. Factorial Analysis: Only One Factors                      
 
                                      The FACTOR Procedure 
 
                       Means and Standard Deviations from 44 Observations 
 
                         Variable                   Mean       Std Dev 
 
                         Poverty                9.863636      7.037312 
                         Education_9            7.009091      6.045249 
                         Unemployment           3.520455      1.918524 
                         Occupationprof        32.227273     11.573755 
                         Inchouse_15000        14.759091      7.905027 
                         Novehicle              7.809091      6.215989 
                         Lackingfacilities      0.954545      0.906938 
                         Occupants_over1        6.634091      5.133064 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
                       
Final Model. Factorial Analysis: Only One Factors 
 
                                      The FACTOR Procedure 
                            Initial Factor Method: Principal Factors 
 
                              Prior Communality Estimates: SMC 
 
                                Education_ 
                   Poverty               9      Unemployment      Occupationprof 
 
                0.91682363      0.81604912        0.42460573          0.65941184 
 
                Inchouse_                                             Occupants_ 
                    15000       Novehicle      Lackingfacilities           over1 
 
               0.89737430      0.85117698             0.66203687      0.83345444 
 
  Eigenvalues of the Reduced Correlation Matrix: Total = 6.06093292  Average = 0.75761661 
 
                          Eigenvalue    Difference    Proportion    Cumulative 
 
                     1    5.07848078    4.11205732        0.8379        0.8379 
                     2    0.96642345    0.73567943        0.1595        0.9974 
                     3    0.23074402    0.18496420        0.0381        1.0354 
                     4    0.04577982    0.07725335        0.0076        1.0430 
                     5    -.03147353    0.02608598       -0.0052        1.0378 
                     6    -.05755951    0.01131250       -0.0095        1.0283 
                     7    -.06887202    0.03371807       -0.0114        1.0169 
                     8    -.10259009                     -0.0169        1.0000 
 
                      1 factor will be retained by the NFACTOR criterion. 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
 
Final Model. Factorial Analysis: Only One Factors                      
 
                                      The FACTOR Procedure 
                            Initial Factor Method: Principal Factors 
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                       Final Model. Factorial Analysis: Only One Factors                      
 
                                      The FACTOR Procedure 
                            Initial Factor Method: Principal Factors 
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
 
 Factor Pattern     Factor1 
 
                               Poverty                   0.95604 
                               Education_9               0.81773 
                               Unemployment              0.59216 
                               Occupationprof           -0.67651 
                               Inchouse_15000            0.87736 
                               Novehicle                 0.79626 
                               Lackingfacilities         0.78550 
                               Occupants_over1           0.81650 
 
 
                                Variance Explained by Each Factor 
 
                                              Factor1 
 
                                            5.0784808 
 
                          Final Communality Estimates: Total = 5.078481 
 
                                Education_ 
                   Poverty               9      Unemployment      Occupationprof 
 
                0.91401946      0.66868009        0.35064893          0.45766550 
 
                Inchouse_                                             Occupants_ 
                    15000       Novehicle      Lackingfacilities           over1 
 
               0.76975271      0.63402929             0.61701199      0.66667280 
 
                       Final Model.Factorial Analysis: Only One Factors                      
 
                                      The FACTOR Procedure 
                                  Prerotation Method: Varimax 
                            
                       Final Model. Factorial Analysis: Only One Factors                      
 
                                      The FACTOR Procedure 
                                  Prerotation Method: Varimax 
 
                          Scoring Coefficients Estimated by Regression 
 
                 Squared Multiple Correlations of the Variables with Each Factor 
 
                                              Factor1 
 
                                           0.97303066 
 
                               Standardized Scoring Coefficients 
 
                                                         Factor1 
 
                               Poverty                   0.31882 
                               Education_9               0.18410 
                               Unemployment              0.01822 
                               Occupationprof           -0.00349 
                               Inchouse_15000            0.27464 
                               Novehicle                 0.06785 
                               Lackingfacilities         0.06860 
                               Occupants_over1           0.19064 
 
                       Final Model. Factorial Analysis: Only One Factors                      
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Appendix E. Principal Component Analysis (PCA) (cont.) 
 
 
                                      The FACTOR Procedure 
                                  Prerotation Method: Varimax 
 
                          Scoring Coefficients Estimated by Regression 
 
                 Squared Multiple Correlations of the Variables with Each Factor 
 
                                              Factor1 
 
                                           0.97303066 
 
                               Standardized Scoring Coefficients 
 
                                                         Factor1 
 
                               Poverty                   0.31882 
                               Education_9               0.18410 
                               Unemployment              0.01822 
                               Occupationprof           -0.00349 
                               Inchouse_15000            0.27464 
                               Novehicle                 0.06785 
                               Lackingfacilities         0.06860 
                               Occupants_over1           0.19064 
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Appendix F. Poisson Regression Analysis Outcome for Adult Hospital Admissions 
 
Adult Asthma and SDI Regression Model                     57 
                                                          19:47 Saturday, October 9, 2004 
                                                                                                 
                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set               WORK.ASTHMA                                
                               Distribution               Poisson                                
                               Link Function                  Log                                
                               Dependent Variable    Asthma_adult                                
                               Offset Variable                ln1                                
                               Observations Used               44                                
                                                                                                 
                                                                                                 
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  39        110.1364          2.8240                   
                  Scaled Deviance           39         46.2700          1.1864                   
                  Pearson Chi-Square        39         92.8316          2.3803                   
                  Scaled Pearson X2         39         39.0000          1.0000                   
                  Log Likelihood                      885.6341                                           
                                                                                            
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                   
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                 
Intercept     1     -8.6305      4.1189    -16.7033     -0.5576       4.39        0.0361     
SDI           1      0.0583      0.0088      0.0410      0.0756      43.77        <.0001     
PM10_99       1      0.0583      0.0493     -0.0384      0.1550       1.40        0.2375     
O3_99         1     -0.0029      0.0447     -0.0905      0.0848       0.00        0.9487    
SO2_99        1      0.0029      0.1313     -0.2544      0.2601       0.00        0.9824     
Scale         0      1.5428      0.0000      1.5428      1.5428                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.  
         
 
                             Adult Asthma and SDI Regression Model                             
                                                                                                 
                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set               WORK.ASTHMA                                
                               Distribution               Poisson                                
                               Link Function                  Log                                
                               Dependent Variable    Asthma_adult                                
                               Offset Variable                ln1          
                               Observations Used               44                                
                                                                                                         
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  40        110.1376          2.7534                   
                  Scaled Deviance           40         47.4608          1.1865                   
                  Pearson Chi-Square        40         92.8241          2.3206                   
                  Scaled Pearson X2         40         40.0000          1.0000                   
                  Log Likelihood                      908.4158                                           
                                                                                                 
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                                   Standard     Wald 95% Confidence       Chi-                   
 Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                 
 Intercept     1     -8.6785      3.4479    -15.4361     -1.9208       6.34        0.0118     
 SDI           1      0.0584      0.0085      0.0417      0.0750      47.21        <.0001     
 PM10_99       1      0.0589      0.0392     -0.0179      0.1357       2.26        0.1326     
 O3_99         1     -0.0024      0.0374     -0.0756      0.0709       0.00        0.9498     
 Scale         0      1.5234      0.0000      1.5234      1.5234                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.  
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Appendix F. Poisson Regression Analysis Outcome for Adult Hospital Admissions 
(cont.) 
 
                             Adult Asthma and SDI Regression Model                             
                                                                                                 
                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set               WORK.ASTHMA                                
                               Distribution               Poisson                                
                               Link Function                  Log                                
                               Dependent Variable    Asthma_adult                                
                               Offset Variable                ln1                                
                               Observations Used               44                                
                                                                                                 
                                                                                                 
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41        110.1468          2.6865                   
                  Scaled Deviance           41         48.6381          1.1863                   
                  Pearson Chi-Square        41         92.8495          2.2646                   
                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                      930.8698                                   
                                                                                                         
                                                                                                 
                                Analysis Of Parameter Estimates          
                                                                                              
                                Standard     Wald 95% Confidence       Chi-                   
 Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                 
 Intercept     1     -8.8871      0.9424    -10.7342     -7.0400      88.92        <.0001     
 SDI           1      0.0584      0.0084      0.0419      0.0748      48.35        <.0001     
 PM10_99       1      0.0590      0.0387     -0.0169      0.1349       2.32        0.1275     
 Scale         0      1.5049      0.0000      1.5049      1.5049                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF. 
          
 
                             Adult Asthma and SDI Regression Model                             
                                                                                                 
                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set               WORK.ASTHMA                                
                               Distribution               Poisson                                
                               Link Function                  Log                                
                               Dependent Variable    Asthma_adult                                
                               Offset Variable                ln1                                
                               Observations Used               44                                
                                                                                                 
                                                                                                 
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  42        115.4582          2.7490                   
                  Scaled Deviance           42         48.9626          1.1658                   
                  Pearson Chi-Square        42         99.0398          2.3581                   
                  Scaled Pearson X2         42         42.0000          1.0000                   
                  Log Likelihood                      892.8460                                   
                                                                                                 
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                 
Intercept     1     -7.4637      0.1066     -7.6726     -7.2547    4901.98        <.0001     
SDI           1      0.0644      0.0076      0.0495      0.0792      72.43        <.0001    
Scale         0      1.5356      0.0000      1.5356      1.5356                              
                                                                                                
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.          
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Appendix F. Poisson Regression Analysis Outcome for Adult Hospital Admissions 
(cont.) 
 
Observation Statistics 
                                                                                                         
                 Asthma_                                                                     
Observation        adult         Pred        Xbeta          Std      HessWgt       Resraw     
                               Reschi       Resdev     StResdev     StReschi       Reslik     
                                                                                                 
          1           16    13.752662    2.6212324    0.0754123    5.8321178    2.2473376     
                            0.6060032    0.5905303    0.3910986    0.4013461    0.3914428     
          2           27    26.466093    3.2758644    0.0794333    11.223526    0.5339074     
                            0.1037818    0.1034357    0.0698779    0.0701116    0.0698944     
          3            9    12.419346    2.5192554     0.052284    5.2666956    -3.419346     
                            -0.970272    -1.020851    -0.669624    -0.636447    -0.669158     
          4           10    8.5320629    2.1438312     0.055123    3.6182082    1.4679371     
                            0.5025513    0.4890851    0.3202615    0.3290794    0.3203598     
          5            5    5.7516383    1.7494847    0.0654182    2.4391082    -0.751638     
                             -0.31341    -0.320637      -0.2099    -0.205169    -0.209851     
          6           18    27.162534    3.3018386    0.0776913    11.518868    -9.162534     
                            -1.758047    -1.874103    -1.265206    -1.186857    -1.259917     
          7            7    7.2439365    1.9801648    0.0916375      3.07195    -0.243936     
                            -0.090634     -0.09115    -0.060138    -0.059798    -0.060129     
          8           15    12.979341    2.5633589    0.0592171    5.5041739     2.020659     
                            0.5608758    0.5471927    0.3598257    0.3688236    0.3600015     
          9           28     23.36183    3.1511035    0.0520841    9.9070957    4.6381703     
                            0.9596067    0.9302242    0.6140775     0.633474    0.6146068     
         10           18     22.40801    3.1094185    0.0518087    9.5026074     -4.40801     
                            -0.931196     -0.96454    -0.636283    -0.614287    -0.635732     
         11           31    24.177728    3.1854319    0.0663946    10.253095    6.8222723     
                            1.3874627    1.3288666    0.8856141     0.924665    0.8874162     
         12           13    14.245583    2.6564469    0.0512408    6.0411514    -1.245583     
                            -0.330014    -0.335007    -0.219911    -0.216633    -0.219859     
         13            1    4.8199938    1.5727726    0.0794333     2.044024    -3.819994     
                            -1.739961     -2.12001    -1.389557    -1.140454    -1.386629     
         14            6    13.037114    2.5678002    0.0742928    5.5286736    -7.037114     
                            -1.948964    -2.182141    -1.443218       -1.289    -1.438757     
         15           23    14.000755    2.6391112    0.0659039    5.9373267    8.9992454     
                            2.4050847    2.1988921    1.4507643    1.5868041    1.4544323     
         16           16    7.7633777    2.0494175    0.0576803    3.2922304    8.2366223     
                            2.9561318    2.5822924    1.6908955    1.9356871    1.6937685     
         17           27     26.38636    3.2728472    0.0829936    11.189714    0.6136399     
                            0.1194604    0.1190018    0.0806659    0.0809767    0.0806899     
         18            7    14.736989    2.6903606    0.1003075    6.2495431    -7.736989     
                            -2.015429    -2.247592    -1.511958    -1.355782    -1.502616     
         19           26    17.979984    2.8892591    0.0951226     7.624806    8.0200163     
                            1.8913879    1.7718671    1.1958428     1.276508    1.2015819     
         20           36    27.432999    3.3117466     0.060223    11.633564    8.5670006     
                            1.6356567    1.5600012    1.0380198    1.0883606     1.040193     
         21           52    50.373469    3.9194646    0.0642134    21.361973    1.6265307     
                            0.2291719    0.2279549    0.1554501      0.15628    0.1555234     
         22           29    46.276172    3.8346272    0.1315622    19.624425    -17.27617     
                             -2.53962    -2.728942    -2.186926    -2.035207      -2.1366     
         23           13     10.83067     2.382382      0.07049     4.592983    2.1693296     
                            0.6591707    0.6388217    0.4208356    0.4342409    0.4211463     
         24           38    33.711281    3.5178325    0.0671258    14.296007    4.2887191     
                            0.7386522    0.7237665     0.487278    0.4972998    0.4879298     
         25           16    13.137193    2.5754474    0.0596191    5.5711145     2.862807     
                             0.789843     0.763485    0.5021846    0.5195217    0.5025337     
         26           53    45.151639    3.8100266    0.0666278    19.147542    7.8483608     
                            1.1679983    1.1363992    0.7736426    0.7951547    0.7754943     
         27           34    23.382973    3.1520081    0.0621697    9.9160618    10.617027     
                            2.1955993    2.0547289    1.3644587    1.4580048    1.3681619     
         28           63    57.975388    4.0600186    0.0623798    24.585733     5.024612     
                            0.6599039    0.6507004    0.4455917    0.4518941    0.4461985     
         29           33    38.635226    3.6541645    0.0564247    16.384114    -5.635226     
                            -0.906608    -0.930106    -0.622136    -0.606419    -0.621326     
         30           62     48.12887    3.8738822    0.0508632    20.410102     13.87113     
                            1.9994428    1.9133766    1.2802651    1.3378531    1.2833705     
         31           46     36.58775    3.5997135     0.053314    15.515837      9.41225     
                            1.5560574    1.4956162    0.9961716    1.0364291    0.9979812     
         32           13    10.840806    2.3833173    0.0518087    4.5972811    2.1591943     
                            0.6557842    0.6356449    0.4165149    0.4297114    0.4166803     
         33           23    38.837221    3.6593791    0.0514706    16.469774    -15.83722     
                            -2.541294    -2.752406     -1.83282    -1.692241    -1.826912     
         34            9    13.059396    2.5695078    0.0748508    5.5381228    -4.059396     
                            -1.123311    -1.190669     -0.78769    -0.743129    -0.786345 
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         35           25        33.66    3.5163102     0.055123    14.274261        -8.66     
                             -1.49266    -1.564699    -1.041788    -0.993824    -1.039753     
         36            1    1.3515051    0.3012189    0.0759772    0.5731354    -0.351505     
                            -0.302359    -0.317132    -0.206861    -0.197225     -0.20683     
         37           25    26.158266    3.2641652    0.0823936    11.092986    -1.158266     
                            -0.226466    -0.228169    -0.154518    -0.153365    -0.154431     
         38            7    12.246258    2.5052204    0.0771168     5.193294    -5.246258     
                             -1.49916    -1.631616     -1.07932    -0.991699     -1.07672     
         39            8    5.2177698    1.6520701    0.0980454    2.2127096    2.7822302     
                            1.2180093    1.1284871    0.7428225    0.8017501    0.7441245     
         40            7    13.439159    2.5981728    0.0848088    5.6991698    -6.439159     
                             -1.75648    -1.935624    -1.287151    -1.168024    -1.282486     
         41           10     14.15057    2.6497549    0.0626167    6.0008594     -4.15057     
                            -1.103369    -1.165223     -0.76789    -0.727128    -0.766956     
         42            9    8.3439856     2.121541    0.0689205    3.5384499    0.6560144     
                            0.2271049    0.2242225    0.1472583    0.1491513    0.1472903   
         43           16    10.225097    2.3248452    0.0556046    4.3361762    5.7749034     
                             1.805972    1.6667296    1.0927375    1.1840273    1.0940118     
         44            0       14.621    2.6824589    0.0823936    6.2003554      -14.621     
                            -3.823742    -5.407587    -3.598003    -2.544172    -3.559939     
                                           
                                                           
                         Plot of Asthma_adult*SDI.  Symbol used is '*'.                          
                                                                                                 
                            Asthma_adult ‚                                                       
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                                         ‚                                                       
                                         ‚              *                                        
                                      60 ˆ           *                                           
                                         ‚               *                                       
                                         ‚              *                                        
                                         ‚        *                                              
                                      40 ˆ               *                                       
                                         ‚      *      *                                         
                                         ‚     *     *           *                               
                                         ‚   * *   *  *     *                                    
                                      20 ˆ    *    *                                             
                                         ‚    ** * * *                                           
                                         ‚ *  ***    **                                          
                                         ‚  *** *            *                                   
                                       0 ˆ   **                                                  
                                         ‚                                                       
                                         Šˆƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒˆ                              
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                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set               WORK.ASTHMA                                
                               Distribution               Poisson                                
                               Link Function                  Log                                
                               Dependent Variable    Asthma_adult                                
                               Offset Variable                ln1                                
                               Observations Used               43                                
                                                                                                         
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41        108.6927          2.6510                   
                  Scaled Deviance           41         48.8987          1.1927                   
                  Pearson Chi-Square        41         91.1354          2.2228                   
                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                      935.9454                                   
                                                                                                         
          Algorithm converged.                                                                   
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                                Analysis Of Parameter Estimates                                  
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                
Intercept     1     -7.4821      0.1045     -7.6869     -7.2773    5126.65        <.0001     
SDI           1      0.0651      0.0074      0.0507      0.0796      77.94        <.0001     
Scale         0      1.4909      0.0000      1.4909      1.4909                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.          
                                                                                                 
                                                                                                 
                                     Observation Statistics                                      
                                                                                                 
Observation       Resraw       Reschi       Resdev     StResdev     StReschi       Reslik     
                                                                                                 
          1    2.4470915    0.6647127    0.6460794     0.440776    0.4534882    0.4412069     
          2    0.9321654    0.1825747    0.1815024    0.1263266    0.1270729      0.12638     
          3    -3.325601    -0.947253    -0.995506    -0.672596    -0.639995    -0.672136     
          4    1.5252714    0.5239432       0.5093    0.3435007    0.3533769     0.343611     
          5    -0.676272    -0.283851    -0.289787    -0.195402      -0.1914     -0.19536     
          6    -8.759885    -1.693387     -1.80128    -1.252846    -1.177803    -1.247737     
          7    -0.124115    -0.046501    -0.046637    -0.031694    -0.031601    -0.031691     
          8    2.1771231    0.6079813    0.5918909    0.4009338    0.4118331    0.4011494     
          9    4.8162709    1.0002746    0.9683344    0.6584396     0.680158    0.6590352     
         10    -4.179905    -0.887537    -0.917863    -0.623736    -0.603128    -0.623213     
         11    7.1427034    1.4623523    1.3972162    0.9593143    1.0040361    0.9614017     
         12     -1.13162    -0.301026    -0.305184    -0.206349    -0.203537    -0.206304     
         13    -3.747463    -1.719913    -2.092775    -1.412893    -1.161164    -1.409912     
         14    -6.849702    -1.910844    -2.135573    -1.454952    -1.301845    -1.450482     
         15    9.1837515    2.4707287    2.2530748     1.531288    1.6792151    1.5353232     
         16    1.0225237    0.2006203    0.1993253    0.1391993    0.1401037    0.1392696     
         17    -7.732642    -2.014594    -2.246577    -1.556714    -1.395967    -1.547074     
         18    8.0362245    1.8960651    1.7759486    1.2346155    1.3181188     1.240568     
         19    8.7223947    1.6700621     1.591169    1.0905075    1.1445768    1.0928436     
         20    1.8776654    0.2652177    0.2635871    0.1851356    0.1862809    0.1852368     
         21    -17.42422    -2.557297    -2.749175    -2.273137    -2.114483    -2.220159     
         22    2.3193534    0.7096891    0.6860822    0.4655694    0.4815889    0.4659446     
         23    4.4415156     0.766708    0.7506652    0.5205319    0.5316564    0.5212553     
         24    3.0221584    0.8389112    0.8091558    0.5482456    0.5684064    0.5486567     
         25      8.05642    1.2017338    1.1682734    0.8191715    0.8426333    0.8211911     
         26    10.911169     2.270755    2.1200108    1.4503402    1.5534673    1.4544733     
         27    5.3311459    0.7020207    0.6916009    0.4877971    0.4951463    0.4885049     
         28    -5.387248    -0.869508    -0.891136    -0.613964    -0.599063    -0.613195     
         29    14.267018    2.0650184    1.9731763    1.3600955    1.4234015    1.3635329     
         30    9.8039234    1.6295555     1.563232    1.0727171    1.1182294    1.0747892     
         31    2.2695496    0.6928364    0.6703434     0.452452    0.4676338    0.4526446     
         32    -15.44771    -2.491316    -2.694511    -1.848524    -1.709125    -1.842597     
         33    -3.870687    -1.078915    -1.141172    -0.777679    -0.735252    -0.776387     
         34     -8.43381    -1.458582    -1.527425    -1.047508    -1.000295      -1.0455     
         35    -0.331774    -0.287493    -0.300872    -0.202142    -0.193153    -0.202112     
         36    -0.754871    -0.148745    -0.149481     -0.10429    -0.103777    -0.104252     
         37    -5.065638    -1.458341    -1.583969    -1.079342    -0.993738    -1.076781  
         38     2.872428    1.2685082    1.1713636    0.7941835    0.8600474    0.7956449     
         39    -6.227895    -1.712363    -1.883067    -1.289897    -1.172965    -1.285287     
         40    -3.971506    -1.062512    -1.119962    -0.760292    -0.721291    -0.759387     
         41    0.7697205    0.2683031    0.2642761    0.1787816    0.1815059    0.1788281     
         42       5.8905    1.8526242    1.7060541     1.152147      1.25113     1.153547     
         43    -14.39552    -3.794143    -5.365729    -3.677684    -2.600515    -3.638535     
                                    
 
              
Ouliers analyses. Adult Asthma. Outlier 2 
 
 Distribution               Poisson                                
                               Link Function                  Log                                
                               Dependent Variable    Asthma_adult                                
                               Offset Variable                ln1                                
                               Observations Used               43                                
                                                                                                 
                                                                                                 
                             Criteria For Assessing Goodness Of Fit  
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                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41        104.7554          2.5550                   
                  Scaled Deviance           41         47.7589          1.1649                   
                  Pearson Chi-Square        41         89.9303          2.1934                   
                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                      931.0165                                   
                                                                                                         
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                                Standard     Wald 95% Confidence       Chi-                   
 Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                 
 Intercept     1     -7.5617      0.1143     -7.7857     -7.3377    4377.71        <.0001     
 SDI           1      0.0744      0.0087      0.0574      0.0913      73.77        <.0001     
 Scale         0      1.4810      0.0000      1.4810      1.4810                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.                  
                                                                                                 
                                     Observation Statistics                                      
                                                                                                 
Observation       Resraw       Reschi       Resdev     StResdev     StReschi       Reslik     
                                                                                                 
          1    2.8928565     0.799048    0.7720685    0.5309289    0.5494819    0.5316064     
          2    1.9519549    0.3900164    0.3851086    0.2707061     0.274156    0.2709744     
          3    -3.988895    -1.106793    -1.172232    -0.798291    -0.753728    -0.797557     
          4    0.9780504      0.32562    0.3199875    0.2175605    0.2213901    0.2176137     
          5    -0.586719    -0.248229    -0.252775    -0.171622    -0.168535    -0.171588     
          6    -7.784337    -1.533005    -1.621862    -1.139033    -1.076628    -1.134431     
          7    0.2798225    0.1079425    0.1072061    0.0734465     0.073951     0.073461     
          8    2.2152438    0.6195485    0.6028368    0.4111458    0.4225434    0.4113753     
          9    3.5911981    0.7268857    0.7100729    0.4871667    0.4987016    0.4875335     
         10    -4.630308     -0.97334    -1.009731    -0.690835    -0.665937    -0.690198     
         11    7.5624091    1.5620815    1.4876946     1.029366    1.0808358    1.0318804   
         12    -1.809839    -0.470289    -0.480391    -0.327331    -0.320448    -0.327208     
         13     -3.56174    -1.667619    -2.021898    -1.374921    -1.134007    -1.371823     
         14    -6.450033    -1.828002    -2.034822    -1.397145    -1.255139    -1.392696     
         15    9.4142748    2.5541445    2.3214826    1.5892356    1.7485108    1.5937753     
         16     8.322389    3.0035506    2.6176691    1.7774711    2.0394956    1.7806233     
         17    2.1766652    0.4368794    0.4307172    0.3039802    0.3083292    0.3043509     
         18    -9.964309    -2.419241    -2.745141    -1.956134    -1.723904    -1.933694     
         19     5.467324    1.2065686    1.1582135    0.8292431    0.8638639    0.8331434     
         20     6.583285    1.2137956    1.1722858    0.8149593    0.8438164    0.8166212     
         21    -2.503927    -0.339162     -0.34181    -0.246428    -0.244519    -0.246194     
         22     2.584463      0.80081    0.7707093    0.5268579    0.5474348    0.5273695     
         23    1.3051972    0.2154636    0.2142048    0.1517737    0.1526656    0.1518559     
         24    3.0726802    0.8546004     0.823715    0.5619449    0.5830152    0.5623828     
         25    3.9014203     0.556786    0.5496461    0.3958046     0.400946    0.3964292     
         26    11.128099    2.3268578    2.1685242     1.494302    1.6034077    1.4988041     
         27    0.5210076    0.0659139    0.0658226    0.0476845    0.0477506    0.0476932     
         28    -8.017141    -1.251805    -1.296317    -0.906016    -0.874906    -0.903974     
         29    12.114524    1.7152179    1.6520013     1.149941    1.1939454     1.152588     
         30    9.3067974    1.5364112    1.4774957     1.020739    1.0614411    1.0225965     
         31    2.0516483    0.6200526    0.6020589    0.4091014    0.4213283    0.4092577     
         32    -16.30096    -2.600229    -2.820851      -1.9487     -1.79629    -1.942146     
         33    -3.458858    -0.979927    -1.031497    -0.708463    -0.673044    -0.707304     
         34    -10.59266    -1.775517    -1.876737    -1.303046    -1.232768    -1.299329     
         35    -0.286782    -0.252813    -0.263202    -0.178036    -0.171009    -0.178011     
         36    0.3666493    0.0738736    0.0736915    0.0519507    0.0520791    0.0519613     
         37    -4.636517     -1.35919    -1.468912    -1.008901    -0.933541    -1.006463     
         38    3.2076109    1.4652295    1.3354317    0.9125966    1.0012967    0.9148024     
         39    -5.605238    -1.578769    -1.725005    -1.191968    -1.090919     -1.18759     
         40    -3.827466    -1.029295     -1.08328    -0.740576     -0.70367    -0.739693     
         41    0.9517481    0.3354836    0.3291774    0.2242788    0.2285754    0.2243564     
         42    5.8270672    1.8269512    1.6844368    1.1451888    1.2420793     1.146566     
         43    -13.76866    -3.710614    -5.247601    -3.628037     -2.56541    -3.585886     
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(cont.) 
 
Model Information 
                                                                                                 
                               Data Set               WORK.ASTHMA                                
                               Distribution               Poisson                                
                               Link Function                  Log                                
                               Dependent Variable    Asthma_adult                                
                               Offset Variable                ln1                                
                               Observations Used               43                                
                                                                                              
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41        107.5897          2.6241                   
                  Scaled Deviance           41         48.7014          1.1878                   
                  Pearson Chi-Square        41         90.5760          2.2092                   
                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                      932.5803                                   
                                                                                                 
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                
Intercept     1     -7.4390      0.1031     -7.6412     -7.2369    5201.20        <.0001     
SDI           1      0.0638      0.0073      0.0496      0.0780      77.03        <.0001     
Scale         0      1.4863      0.0000      1.4863      1.4863                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.          
                                                                                                 
                                     Observation Statistics                                      
                                                                                                 
Observation       Resraw       Reschi       Resdev     StResdev     StReschi       Reslik     
                                                                                                 
          1    1.9441362    0.5185587    0.5072451    0.3472642    0.3550096     0.347532     
          2    -0.060253    -0.011583    -0.011587    -0.008097    -0.008094    -0.008096     
          3    -3.626823    -1.020656    -1.076507    -0.729739    -0.691879    -0.729189     
          4     1.330775    0.4519751     0.441094    0.2984642    0.3058268    0.2985487     
          5    -0.872154    -0.359911    -0.369421    -0.249901    -0.243467    -0.249832     
          6    -9.767636    -1.853617    -1.982244    -1.384152    -1.294335    -1.377913     
          7    -0.414912    -0.152371    -0.153826    -0.104892      -0.1039    -0.104866     
          8    1.7591458    0.4834414     0.473289    0.3216726    0.3285728    0.3218126     
          9    4.2465508    0.8713106     0.847111    0.5780489    0.5945622    0.5785156     
         10    -4.827323    -1.010366     -1.04954    -0.715731    -0.689016    -0.715032     
         11    6.3128868    1.2705532    1.2214695    0.8417343    0.8755586    0.8433474     
         12    -1.488465    -0.391046    -0.398045     -0.27004    -0.265291    -0.269962     
         13    -3.928202    -1.769496    -2.160198    -1.463127      -1.1985    -1.459927     
         14    -7.323038    -2.006271    -2.252388    -1.539836    -1.371579     -1.53482     
         15    8.7050775    2.3024051    2.1135223    1.4413524    1.5701643    1.4449418     
         16     8.081987    2.8721693    2.5192014    1.7046616    1.9435035     1.707573     
         17    0.0121485    0.0023385    0.0023383    0.0016396    0.0016397    0.0016396     
         18     -7.90237    -2.047056    -2.286088    -1.588977    -1.422834     -1.57902     
         19    7.8100465    1.8312086    1.7192197    1.1989558    1.2770551    1.2045284     
         20    8.1479613    1.5439046     1.476549    1.0156034    1.0619321    1.0176487     
         21    0.8829999    0.1235031    0.1231501     0.086848    0.0870969    0.0868704     
         22    -17.67438     -2.58705    -2.783268    -2.302423    -2.140104    -2.248786     
         23    1.9361597    0.5820874      0.56624    0.3855386    0.3963287    0.3857965     
         24    3.8026896    0.6502718    0.6387465    0.4445617    0.4525832    0.4450918     
         25    2.5973583    0.7094743    0.6882325    0.4678828    0.4823237    0.4681846     
         26    7.1948105    1.0630704    1.0369177    0.7299242    0.7483341    0.7315351     
         27    10.136489    2.0750108    1.9492818    1.3383628    1.4246874    1.3419025     
         28    4.1556153    0.5417299    0.5355343    0.3793213    0.3837096    0.3797524    
         29    -6.247484    -0.997239    -1.025623    -0.709339    -0.689708    -0.708299     
         30    13.042275    1.8639864    1.7892525    1.2383086    1.2900306    1.2412066     
         31    8.7128952    1.4268659    1.3760972    0.9479163    0.9828881    0.9495548     
         32    1.9563342    0.5886897    0.5724789    0.3876704     0.398648    0.3878139     
         33    -4.346561    -1.189765    -1.265111    -0.865121    -0.813597     -0.86352     
         34    -9.201121    -1.573333    -1.653213     -1.13802    -1.083033    -1.135617     
         35    -0.381379    -0.324489    -0.341458    -0.230125    -0.218689    -0.230087     
         36    -1.753051    -0.338928    -0.342735     -0.24008    -0.237413    -0.239874     
         37    -5.518364    -1.559684    -1.702562    -1.164158    -1.066463    -1.161175     
         38    2.6560678      1.14897    1.0693648    0.7274446    0.7815967    0.7286687     
         39    -6.747835    -1.819899    -2.011485    -1.382779    -1.251074    -1.377482     
         40     -4.44219    -1.168909    -1.238146    -0.843381    -0.796219    -0.842262 
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         41    0.4778199    0.1636775    0.1621826    0.1100771    0.1110916    0.1100948     
         42    5.5747587    1.7265653    1.5993638    1.0836492    1.1698346    1.0849008     
         43    -14.95345    -3.866969     -5.46872    -3.761705    -2.659927    -3.720755     
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                                                            21:21 Friday, October 8, 2004 
                                                                                                 
                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set               WORK.ASTHMA                                
                               Distribution               Poisson                                
                               Link Function                  Log                                
                               Dependent Variable    Asthma_adult                                
                               Offset Variable                ln1                                
                               Observations Used               43                                
                                                                                                 
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41         85.5800          2.0873                   
                  Scaled Deviance           41         42.6665          1.0406                   
                  Pearson Chi-Square        41         82.2373          2.0058                   
                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                     1057.1157                                   
  
                                Analysis Of Parameter Estimates                                  
                                             
                               Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                
Intercept     1     -7.4084      0.0991     -7.6026     -7.2141    5585.11        <.0001     
SDI           1      0.0612      0.0070      0.0474      0.0750      75.39        <.0001     
Scale         0      1.4163      0.0000      1.4163      1.4163                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.    
                                                                                                 
                                     Observation Statistics                                      
                                                                                                 
Observation       Resraw       Reschi       Resdev     StResdev     StReschi       Reslik     
          1    1.6931747    0.4476413    0.4392206    0.3156871    0.3217394    0.3159004     
          2    -0.593486    -0.112981     -0.11339    -0.083236    -0.082936    -0.083213     
          3    -3.545779    -1.001066    -1.054838    -0.750291    -0.712044    -0.749748     
          4    1.4109719    0.4814446     0.469091    0.3330733    0.3418449     0.333172     
          5    -0.947599    -0.388556    -0.399626    -0.283719     -0.27586    -0.283635     
          6    -10.29277    -1.935061    -2.074873    -1.521892    -1.419341    -1.514609     
          7    -0.600373    -0.217773    -0.220739    -0.158046    -0.155923    -0.157988     
          8    1.6376679    0.4480069    0.4392936    0.3133263     0.319541    0.3134517     
          9    4.3928823    0.9041242    0.8780576    0.6285905    0.6472512    0.6291053     
         10    -4.887768    -1.021666    -1.061709     -0.75963     -0.73098    -0.758896     
         11    5.9827282    1.1961325    1.1526621    0.8337905    0.8652353     0.835301     
         12    -1.417907    -0.373419    -0.379805    -0.270355     -0.26581    -0.270283     
         13    -4.025314    -1.795635    -2.195826    -1.561108    -1.276595    -1.557582     
         14    -7.553878    -2.051815    -2.308419    -1.656742    -1.472579    -1.651151     
         15    8.5176602    2.2382106    2.0597658    1.4743455    1.6020733    1.4779276     
         16    8.0176343    2.8377911     2.493202    1.7704633    2.0151617    1.7734222     
         17    -0.562544    -0.107151    -0.107519    -0.079218    -0.078947    -0.079196     
         18    -7.442375    -1.958359    -2.178339    -1.588629    -1.428201    -1.579063     
         19    8.3348814    1.9830842    1.8516137    1.3548543    1.4510532    1.3616931     
         20     8.505693    1.6221399    1.5477377    1.1168605    1.1705497    1.1191979     
         21    1.6572724    0.2335746    0.2323103    0.1718337    0.1727688    0.1719169     
         22    -15.69687    -2.347872    -2.510477    -2.172193    -2.031499    -2.126227     
         23    1.7648926    0.5265379    0.5135835    0.3670508    0.3763092     0.367275     
         24    4.3730819    0.7541263    0.7386078    0.5393021    0.5506331    0.5400442     
         25    2.4708854    0.6717658    0.6527329    0.4656877    0.4792666    0.4659703     
         26    7.9471249     1.183992    1.1515173    0.8502727    0.8742519    0.8523516     
         27    9.8737632    2.0101937    1.8922461    1.3635225    1.4485137    1.3670092     
         28     4.986742    0.6547165    0.6456575    0.4796037    0.4863328    0.4802568     
         29    -5.844069    -0.937676    -0.962798    -0.698462    -0.680238    -0.697514     
         30     13.24275     1.896525    1.8191425    1.3202841    1.3764462      1.32335     
         31    8.5461803    1.3964455    1.3478307    0.9739757     1.009106    0.9755927 
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         32    1.9270911    0.5791238    0.5634381    0.4003697    0.4115157    0.4005123     
         33    -16.64368    -2.643397    -2.871105    -2.074002    -1.909513    -2.066948     
         34    -4.581333    -1.243142    -1.325208    -0.951368    -0.892453    -0.949503     
         35    -8.884735    -1.526309    -1.601571    -1.156467    -1.102122     -1.15414     
         36    -0.406408    -0.342694    -0.361577    -0.255751    -0.242394    -0.255705     
         37    -2.315653    -0.443065    -0.449557    -0.330884    -0.326106    -0.330506     
         38    -5.751798    -1.610712    -1.762648    -1.265347    -1.156277    -1.261945     
         39    2.5081711    1.0702831    1.0012698    0.7151605    0.7644535    0.7163191     
         40    -7.051524    -1.881141     -2.08508    -1.505313     -1.35808    -1.499216     
         41    -4.604981    -1.204973    -1.278441    -0.913939    -0.861418     -0.91269     
         42    0.3526327     0.119917    0.1191155    0.0848555    0.0854264    0.0848656     
         43    5.5063818     1.699823     1.576554    1.1209505    1.2085963    1.1222077     
                                                                                                
Poisson Regression Analysis Outcome for Childhood Hospital Admissions 
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                                                          19:47 Saturday, October 9, 2004 
                                                                                                 
                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set              WORK.ASTHMA                                 
                               Distribution              Poisson                                 
                               Link Function                 Log                                 
                               Dependent Variable      Asthma_14                                 
                               Offset Variable               ln2                                 
                               Observations Used              44                                 
                                                                                                 
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  39         59.0396          1.5138                   
                  Scaled Deviance           39         38.5878          0.9894                   
                  Pearson Chi-Square        39         59.6703          1.5300                   
                  Scaled Pearson X2         39         39.0000          1.0000                   
                  Log Likelihood                     1113.1594                                   
                                                                                                 
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                               
Intercept     1    -15.7508      3.9648    -23.5217     -7.9799      15.78        <.0001     
SDI           1      0.0589      0.0075      0.0441      0.0737      61.13        <.0001     
PM10_99       1      0.0612      0.0439     -0.0249      0.1473       1.94        0.1637     
O3_99         1      0.0736      0.0431     -0.0108      0.1580       2.92        0.0875     
SO2_99        1      0.2711      0.1223      0.0314      0.5108       4.91        0.0267     
Scale         0      1.2369      0.0000      1.2369      1.2369                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.          
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                                       Model Information                                         
                                                                                                 
                               Data Set              WORK.ASTHMA                                 
                               Distribution              Poisson                                 
                               Link Function                 Log                                 
                               Dependent Variable      Asthma_14                                 
                               Offset Variable               ln2                                 
                               Observations Used              44   
                               
                                                                                                 
                             Criteria For Assessing Goodness Of Fit     
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                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  40         62.0381          1.5510                   
                  Scaled Deviance           40         39.7461          0.9937                   
                  Pearson Chi-Square        40         62.4343          1.5609                   
                  Scaled Pearson X2         40         40.0000          1.0000                   
                  Log Likelihood                     1090.1967                                   
                                                                                                 
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                
Intercept     1    -13.0342      3.4686    -19.8326     -6.2358      14.12        0.0002     
SDI           1      0.0613      0.0073      0.0470      0.0756      70.24        <.0001     
O3_99         1      0.0544      0.0410     -0.0259      0.1347       1.76        0.1840     
SO2_99        1      0.3663      0.0995      0.1712      0.5614      13.54        0.0002    
Scale         0      1.2493      0.0000      1.2493      1.2493                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.  
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                                                         19:47 Saturday, October 9, 2004 
                                                                                                 
                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set              WORK.ASTHMA                                 
                               Distribution              Poisson                                 
                               Link Function                 Log                                 
                               Dependent Variable      Asthma_14                                 
                               Offset Variable               ln2                                 
                               Observations Used              44                                 
                                                                                                 
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41         64.8020          1.5805                   
                  Scaled Deviance           41         40.5218          0.9883                   
                  Pearson Chi-Square        41         65.5667          1.5992                   
                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                     1063.2029                                   
 
Analysis Of Parameter Estimates 
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                
Intercept     1     -8.4790      0.4527     -9.3664     -7.5917     350.74        <.0001    
SDI           1      0.0593      0.0072      0.0452      0.0733      68.61        <.0001     
SO2_99        1      0.4161      0.0912      0.2374      0.5949      20.82        <.0001    
Scale         0      1.2646      0.0000      1.2646      1.2646                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.   
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                                                         19:47 Saturday, October 9, 2004 
                                                                                                 
                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set              WORK.ASTHMA                                 
                               Distribution              Poisson                                 
                               Link Function                 Log                                 
                               Dependent Variable      Asthma_14                                 
                               Offset Variable               ln2                                 
                               Observations Used              44                                 
                                                                                                 
                             Criteria For Assessing Goodness Of Fit        
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                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41         64.8020          1.5805                   
                  Scaled Deviance           41         40.5218          0.9883                   
                  Pearson Chi-Square        41         65.5667          1.5992                   
                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                     1063.2029                                   
                                                                                                 
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                
Intercept     1     -8.4790      0.4527     -9.3664     -7.5917     350.74        <.0001    
SDI           1      0.0593      0.0072      0.0452      0.0733      68.61        <.0001    
SO2_99        1      0.4161      0.0912      0.2374      0.5949      20.82        <.0001    
Scale         0      1.2646      0.0000      1.2646      1.2646                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.          
                                                                                                
                                     Observation Statistics                                      
                                                                                                
Observation    Asthma_14         Pred        Xbeta          Std      HessWgt       Resraw     
                               Reschi       Resdev     StResdev     StReschi       Reslik     
                                                                                                 
          1           13    12.098996    2.4931225    0.0717861    7.5657145    0.9010038     
                            0.2590311     0.255912    0.2064318    0.2089478    0.2065304     
          2           20    22.624961    3.1190537    0.0747635    14.147784    -2.624961     
                             -0.55186    -0.563083    -0.463993    -0.454745    -0.463269     
          3            7    8.4889528    2.1387657    0.0978199     5.308291    -1.488953     
                            -0.511039    -0.527189    -0.427894    -0.414786    -0.427238     
          4            4    7.1681755    1.9696512    0.0798468    4.4823858    -3.168175     
                            -1.183327     -1.29209    -1.036666    -0.949404    -1.034275     
          5            2    5.5175064     1.707926    0.0614311    3.4501935    -3.517506     
                            -1.497488    -1.725079    -1.373109    -1.191954    -1.370905     
          6           16    19.167513    2.9532168    0.0742098    11.985782    -3.167513     
                            -0.723495    -0.744934    -0.609532     -0.59199     -0.60839     
          7            9    3.8877996    1.3578433    0.1201157    2.4311092    5.1122004     
                            2.5927219    2.2100818    1.7791476    2.0871784    1.7908488     
          8            5    7.0141586    1.9479308    0.0998986    4.3860764    -2.014159     
                            -0.760512    -0.802115    -0.648644       -0.615    -0.647208     
          9           17    10.578086    2.3587845    0.1787384    6.6146623    6.4219144     
                            1.9745175    1.8129405    1.6142983    1.7581715    1.6457502     
         10            9    14.002941    2.6392674    0.1126371    8.7562844    -5.002941     
                            -1.336952    -1.431472    -1.200618    -1.121341    -1.192071     
         11           21    18.521268    2.9189197    0.0692782    11.581674    2.4787317     
                            0.5759624    0.5637829    0.4587552    0.4686657    0.4593117     
         12            6    8.3040758    2.1167465    0.0773712    5.1926842    -2.304076     
                             -0.79956     -0.84161    -0.676112    -0.642331    -0.675087     
         13            1    1.8068332    0.5915757    0.0928447    1.1298444    -0.806833     
                             -0.60024    -0.656136    -0.521398     -0.47698    -0.520984     
         14            0    0.0916915    -2.389326    0.1012944    0.0573363    -0.091691     
                            -0.302806    -0.428232    -0.338733     -0.23952    -0.338683     
         15            5    11.834477     2.471017    0.0622045    7.4003059    -6.834477     
                            -1.986693    -2.247924    -1.803602    -1.594005     -1.79794     
         16            8    5.9840225     1.789093    0.0589629    3.7419142    2.0159775     
                            0.8241174    0.7833401     0.623511    0.6559683     0.623944     
         17           24    22.323508    3.1056403    0.0776261    13.959281    1.6764918     
                            0.3548299    0.3505221    0.2896313    0.2931908    0.2899324     
         18            9    14.652624    2.6846195    0.1265477    9.1625429    -5.652624     
                              -1.4767     -1.59127    -1.362233    -1.264154    -1.348289     
         19           25    21.075932    3.0481317    0.0974474     13.17915    3.9240677     
                            0.8547578    0.8301017     0.701802    0.7226473    0.7044446     
         20           29    30.446916    3.4159847    0.0634531     19.03899    -1.446916     
                            -0.262224    -0.264343    -0.217538    -0.215794    -0.217405     
         21           52     52.03665    3.9519483    0.0537543     32.53943     -0.03665     
                            -0.005081    -0.005081    -0.004221    -0.004221    -0.004221     
         22           50    57.312511    4.0485189    0.1079549    35.838518    -7.312511     
                            -0.965921    -0.987638    -1.023443     -1.00094    -1.014105     
         23           10    11.042084    2.4017138    0.1883012    6.9048087    -1.042084     
                            -0.313601    -0.318738    -0.290042    -0.285367    -0.288905     
         24           38    31.105321    3.4373789    0.0587801    19.450702    6.8946791     
                            1.2362227    1.1943174    0.9778601    1.0121705    0.9802035     
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         25           11     10.63164    2.3638345    0.0915952    6.6481509    0.3683599     
                            0.1129724    0.1123292    0.0914125    0.0919359    0.0914418     
         26           65    47.213023    3.8546698    0.0549229    29.523131    17.786977     
                            2.5886374     2.447309    2.0276528    2.1447467    2.0383537     
         27           23    15.306349    2.7282677    0.0663696    9.5713283    7.6936511     
                            1.9665124    1.8289662    1.4777798    1.5889152    1.4826336     
         28           41    52.198783    3.9550592    0.0528157    32.640814    -11.19878     
                            -1.550032    -1.611094    -1.336292    -1.285646    -1.331761     
         29           21    23.054764    3.1378724     0.052293    14.416548    -2.054764     
                            -0.427939    -0.434544    -0.350605    -0.345275    -0.350396     
         30           46    38.643999    3.6543915    0.0495979     24.16477    7.3560009     
                             1.183316    1.1484723    0.9364369    0.9648477    0.9381498     
         31           35    24.683589    3.2061386    0.0522785    15.435081    10.316411     
                            2.0764645    1.9523934    1.5775268    1.6777757    1.5818841     
         32           13    10.247584     2.327042    0.0564662    6.4079938    2.7524162     
                            0.8598117    0.8250819    0.6592194    0.6869676     0.659798     
         33           32    33.527998    3.5123809    0.0498155    20.965645    -1.527998     
                            -0.263888    -0.265931    -0.215984    -0.214324    -0.215898     
         34            6    9.3349444    2.2337648      0.07009    5.8373044    -3.334944     
                            -1.091523    -1.168685    -0.937704    -0.875792    -0.935986     
         35           30    32.569148    3.4833655    0.0470868    20.366059    -2.569148     
                             -0.45018    -0.456302    -0.369263    -0.364309    -0.369041     
         36            1      2.62484    0.9650199     0.081686    1.6413585     -1.62484     
                            -1.002904    -1.148756    -0.913418    -0.797445    -0.912227     
         37           16    19.257553    2.9579034    0.0762238    12.042086    -3.257553     
                             -0.74232    -0.764878    -0.627181    -0.608684    -0.625905     
         38            7    9.7918693    2.2815524     0.076498    6.1230275    -2.791869     
                              -0.8922     -0.94061    -0.757502    -0.718516    -0.756139     
         39            6    3.3980949     1.223215    0.1152717    2.1248883    2.6019051     
                            1.4114766    1.2722908     1.020601    1.1322525    1.0239204     
         40           11    11.988379    2.4839377    0.1162062    7.4965433    -0.988379     
                            -0.285459    -0.289522    -0.241495    -0.238106    -0.241154     
         41           15    11.755083    2.4642857    0.0608174    7.3506593    3.2449173     
                             0.946435    0.9072485    0.7273814    0.7587989    0.7282535     
         42           10    5.1842137    1.6456182    0.0837555    3.2417797    4.8157863     
                            2.1150749     1.872903    1.4981688    1.6918865    1.5028516     
         43            6    8.9161836     2.187868     0.053283    5.5754459    -2.916184     
                            -0.976619     -1.03878    -0.828016    -0.778467    -0.827255     
         44            6    13.584958    2.6089631     0.076634    8.4949123    -7.584958     
                            -2.057899    -2.315917    -1.878824    -1.669502    -1.868937     
                    
 
Children Asthma. Regression Model with Residuals. Only SDI 
                                                                                                 
                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set              WORK.ASTHMA                                 
                               Distribution              Poisson                                 
                               Link Function                 Log                                 
                               Dependent Variable      Asthma_14                                 
                               Offset Variable               ln2                                 
                               Observations Used              44  
 
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  42         99.3550          2.3656                   
                  Scaled Deviance           42         43.6816          1.0400                   
                  Pearson Chi-Square        42         95.5302          2.2745                   
                  Scaled Pearson X2         42         42.0000          1.0000                   
                  Log Likelihood                      739.9266                                   
                                                                                                 
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                 
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                
Intercept     1     -6.4894      0.1171     -6.7188     -6.2600    3073.09        <.0001     
SDI           1      0.0743      0.0078      0.0590      0.0895      91.37        <.0001    
Scale         0      1.5082      0.0000      1.5082      1.5082                              
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                                     Observation Statistics                                      
                                                                                                
Observation    Asthma_14         Pred        Xbeta          Std      HessWgt       Resraw     
                               Reschi       Resdev     StResdev     StReschi       Reslik     
                                                                                                 
          1           13    11.000832    2.3979709     0.084505     4.836532    1.9991685     
                            0.6027492    0.5857507    0.3952752    0.4067461    0.3956769     
          2           20    20.784476    3.0342063    0.0887587    9.1379256    -0.784476     
                            -0.172072    -0.173172    -0.119194    -0.118437     -0.11914     
          3            7     12.32847    2.5119112     0.054449      5.42023     -5.32847     
                            -1.517567    -1.653156     -1.10506    -1.014425    -1.103662     
          4            4    9.4194857    2.2427805    0.0562268    4.1412909    -5.419486     
                            -1.765812    -1.996768    -1.332735    -1.178584    -1.330832     
          5            2    5.3143626    1.6704131    0.0737489    2.3364675    -3.314363     
                             -1.43772     -1.64914    -1.100497    -0.959414    -1.098818     
          6           16    20.207174    3.0060377    0.0869195    8.8841143    -4.207174     
                            -0.935918    -0.971587    -0.666996    -0.642509     -0.66538     
          7            9    5.5932235    1.7215558    0.1015376     2.459069    3.4067765     
                            1.4404977    1.3223031    0.8880994    0.9674825    0.8901994     
          8            5    9.9920984    2.3017946    0.0668103    4.3930409    -4.992098     
                            -1.579264    -1.749466    -1.171548    -1.057571     -1.16942     
          9           17    22.777402    3.1257689    0.0543512    10.014119    -5.777402     
                            -1.210544    -1.268036    -0.853506    -0.814808    -0.852386     
         10            9    21.771024    3.0805799    0.0575391    9.5716632    -12.77102     
                            -2.737072    -3.105101    -2.092294    -1.844307    -2.084888     
         11           21    20.746554    3.0323802    0.0748168    9.1212535    0.2534458     
                            0.0556432    0.0555305    0.0377977    0.0378744    0.0378016     
         12            6    10.815866    2.3810141    0.0540273    4.7552115    -4.815866     
                            -1.464346    -1.600211    -1.068481    -0.977762    -1.067274     
         13            1     2.277321    0.8229998    0.0887587    1.0012276    -1.277321     
                            -0.846424    -0.953227    -0.634557    -0.563458    -0.634027   
         14            0    0.1252035    -2.077815     0.083315    0.0550459    -0.125204     
                            -0.353841    -0.500407    -0.331864    -0.234664    -0.331833     
         15            5    11.914782    2.4777798    0.0742807    5.2383516    -6.914782     
                            -2.003251    -2.268512    -1.526385    -1.347902     -1.52152     
         16            8     6.489207    1.8701403    0.0650265    2.8529895     1.510793     
                            0.5930744    0.5720431     0.381609    0.3956389    0.3817813     
         17           24    22.930612    3.1324728    0.0925036    10.081478    1.0693881     
                            0.2233199     0.221617    0.1537261    0.1549073    0.1538284     
         18            9    22.426769    3.1102553    0.0980248    9.8599626    -13.42677     
                            -2.835229    -3.227845    -2.249474    -1.975862    -2.224995     
         19           25    15.775784    2.7584761    0.0928984    6.9358469    9.2242161     
                            2.3223838    2.1381193    1.4621411    1.5881493    1.4699875     
         20           29    25.004783    3.2190671    0.0601931     10.99339    3.9952168     
                            0.7989669    0.7789934    0.5271258    0.5406414    0.5276708     
         21           52    49.076422    3.8933787    0.0636006    21.576522     2.923578     
                            0.4173287    0.4132848    0.2868364    0.2896431    0.2870825     
         22           50    52.925895    3.9688927    0.1293698    23.268949    -2.925895     
                            -0.402184    -0.405978    -0.344503    -0.341284    -0.343253     
         23           10    4.8114673    1.5710021    0.0792493    2.1153687    5.1885327     
                            2.3654065    2.0626669    1.3768531    1.5789352    1.3797319     
         24           38    27.809842      3.32539     0.066186    12.226638    10.190158     
                            1.9323316    1.8293696    1.2468355    1.3170109    1.2506939     
         25           11    7.4539826    2.0087485    0.0672714    3.2771546    3.5460174     
                            1.2988131    1.2121035    0.8097268    0.8676518    0.8106161     
         26           65    46.963869    3.8493786    0.0657392    20.647735    18.036131     
                            2.6318519    2.4857333    1.7270502    1.8285712    1.7363504     
         27           23    12.932817     2.559768    0.0701547     5.685932    10.067183     
                            2.7993772      2.51973    1.6946173    1.8826911    1.7001634     
         28           41    53.626327    3.9820401    0.0620119    23.576894    -12.62633     
                            -1.724201     -1.79952    -1.251264    -1.198892    -1.246606     
         29           21    24.855813    3.2130916    0.0571772    10.927895    -3.855813     
                            -0.773396    -0.794808    -0.536681    -0.522223    -0.536171     
         30           46    34.454024    3.5396258    0.0539665    15.147763    11.545976     
                            1.9670286    1.8701559     1.268322    1.3340202     1.271292     
         31           35    25.896118    3.2540931    0.0596446    11.385267    9.1038822     
                            1.7889957    1.6970814    1.1487753    1.2109932    1.1513606     
         32           13    8.7504335    2.1691032    0.0575391    3.8471411    4.2495665     
                            1.4365801    1.3389795    0.8935354    0.9586668    0.8943948     
         33           32    30.692751    3.4240265    0.0570186    13.494114    1.3072487     
                             0.235961    0.2343151    0.1588899     0.160006     0.158939     
         34            6    8.7881601    2.1734054    0.0839085    3.8637277     -2.78816     
                            -0.940521    -0.998283    -0.671115    -0.632284    -0.670088     
         35           30    31.849785    3.4610306    0.0562268    14.002805    -1.849785     
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                            -0.327769    -0.331021    -0.224513    -0.222308    -0.224416     
         36            1    2.1209133    0.7518468    0.0851044    0.9324627    -1.120913     
                            -0.769681    -0.859147    -0.571601    -0.512078     -0.57122     
         37           16    18.845962    2.9362987    0.0918736    8.2856554    -2.845962     
                            -0.655571    -0.673206    -0.462856    -0.450732    -0.462018     
         38            7    10.777799    2.3774884    0.0863117    4.7384754    -3.777799     
                            -1.150731    -1.230245    -0.830519    -0.776841    -0.828684     
         39            6    4.6004164    1.5261468    0.1081986    2.0225799    1.3995836     
                            0.6525297    0.6230446    0.4180969     0.437883    0.4185762     
         40           11    7.8865073    2.0651534    0.0944067    3.4673147    3.1134927    
                            1.1086782    1.0456274    0.7042836    0.7467515    0.7056342     
         41           15    10.688752     2.369192    0.0706537    4.6993257     4.311248     
                            1.3186803    1.2422765    0.8335415    0.8848069    0.8347802     
         42           10    6.4490707     1.863936    0.0775584    2.8353435    3.5509293     
                            1.3982778     1.292719    0.8645575    0.9351542    0.8658098     
         43            6    8.2947334    2.1156208    0.0625452    3.6467919    -2.294733     
                            -0.796766    -0.838529    -0.560006    -0.532115    -0.559618     
         44            6     12.75271    2.5457438    0.0918736    5.6067479     -6.75271     
                            -1.890936    -2.111305    -1.434276    -1.284573    -1.427546     
 
Scatter Plot       19:47 Saturday, October 9, 2004  78 
                                                                                                 
                          Plot of Asthma_14*SDI.  Symbol used is '*'.                            
                                                                                                 
                              Asthma_14 ‚                                                        
                                     75 ˆ                                                        
                                        ‚                                                        
                                        ‚               *                                        
                                        ‚                                                        
                                        ‚                                                        
                                        ‚                                                        
                                     50 ˆ              *        *                                
                                        ‚           *                                            
                                        ‚              *                                         
                                        ‚               *                                        
                                        ‚        **                                              
                                        ‚            **                                          
                                     25 ˆ   *  *           *                                     
                                        ‚   * *       *                                          
                                        ‚   ** *    *                                            
                                        ‚   **  * *                                              
                                        ‚  * ** * * *       *                                    
                                        ‚ * *** *   **                                           
                                      0 ˆ   ** *                                                 
                                        Šˆƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒˆ                               
                                         0      10      20      30                               
                                                                                        
                                                    SDI                                          
                                                                              
Poisson Regression Analysis. Extreme Cases (Outliers) Analysis for Childhood 
Asthma 
 
Ouliers analyses. Childhood Asthma                          3 
                                                            21:21 Friday, October 8, 2004 
                                                                                                 
                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information     
                                                                                                
                               Data Set              WORK.ASTHMA                                 
                               Distribution              Poisson                                 
                               Link Function                 Log                                 
                               Dependent Variable      Asthma_14                                 
                               Offset Variable               ln1                                 
                               Observations Used              43                                 
                                                                                                 
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41         89.4698          2.1822                   
                  Scaled Deviance           41         42.5281          1.0373                   
                  Pearson Chi-Square        41         86.2551          2.1038      
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                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                      797.2076                                   
                                                                                                 
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                
Intercept     1     -6.4608      0.1124     -6.6812     -6.2404    3301.30        <.0001    
SDI           1      0.0734      0.0074      0.0588      0.0880      97.49        <.0001    
Scale         0      1.4504      0.0000      1.4504      1.4504                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.          
                                                                                                 
                                     Observation Statistics                                      
                                                                                                
Observation       Resraw       Reschi       Resdev     StResdev     StReschi       Reslik     
                                                                                                
          1    1.7303893    0.5154534    0.5030411    0.3531395    0.3618531    0.3534523     
          2    -1.305497    -0.282833    -0.285798    -0.204755    -0.202631    -0.204599     
          3    -5.526108     -1.56139    -1.704566    -1.185017     -1.08548    -1.183443     
          4    -5.561173    -1.798501    -2.037404    -1.414178    -1.248354    -1.412086     
          5    -3.435055    -1.473437    -1.694467    -1.175951    -1.022557    -1.174076     
          6    -4.708222    -1.034631    -1.078099    -0.770312    -0.739254    -0.768211     
          7     3.256404    1.3587712    1.2536728     0.875808    0.9492291    0.8777964     
          8    -5.206364    -1.629667    -1.810247    -1.260858    -1.135082    -1.258443     
          9    -6.144597    -1.277229    -1.341105    -0.938986    -0.894263    -0.937659     
         10    -0.221478    -0.048078    -0.048162    -0.034112    -0.034053    -0.034109     
         11    -4.995096    -1.506414    -1.649822    -1.145664    -1.046079    -1.144304     
         12    -1.334408    -0.873374     -0.98656     -0.68295    -0.604597    -0.682351     
         13     -0.12824    -0.358106    -0.506438     -0.34923    -0.246943    -0.349196     
         14    -7.186452    -2.058619    -2.337528    -1.636093    -1.440878    -1.630628     
         15     1.373989    0.5337737    0.5167584    0.3585106    0.3703153    0.3586596     
         16    0.4820765    0.0994069    0.0990701     0.071545    0.0717881    0.0715665     
         17    -13.59342    -2.859813    -3.258684    -2.361271    -2.072246    -2.335434     
         18    9.0957282    2.2807652    2.1030806    1.4954482    1.6217953    1.5033171     
         19    3.6505425    0.7250585     0.708624    0.4987714    0.5103389    0.4992455     
         20    2.2867264    0.3243232    0.3218833    0.2324512    0.2342132    0.2326077     
         21    -3.102433    -0.425741    -0.429991     -0.37859    -0.374848    -0.377146     
         22    5.0749025    2.2867584    2.0037504    1.3910036    1.5874678    1.3938724     
         23      9.84424    1.8552335    1.7603749    1.2479956    1.3152443    1.2517355     
         24    3.3855037    1.2268818     1.149567    0.7986836    0.8523995    0.7995309     
         25    17.447751    2.5301946    2.3952165    1.7314727    1.8290467    1.7405168     
         26     9.781668    2.6904479    2.4321973    1.7015429    1.8822126    1.7070127     
         27    -13.34147     -1.80983    -1.892686      -1.3695    -1.309548    -1.364088     
         28    -4.220756    -0.840449    -0.865695    -0.608045    -0.590313    -0.607407     
         29    10.965733    1.8526405    1.7667744    1.2467104    1.3073012    1.2495237     
         30    8.5907056    1.6716696    1.5914875    1.1208944    1.1773671    1.1233093     
         31    4.0816911    1.3667808    1.2784898    0.8872942    0.9485698    0.8881264     
         32    0.7239534    0.1294508    0.1289561    0.0909901    0.0913391    0.0910059     
         33    -3.002081    -1.000578    -1.065742    -0.745256    -0.699688    -0.744021     
         34    -2.328866     -0.40959    -0.414661    -0.292587    -0.289008    -0.292425     
         35    -1.172925    -0.795697    -0.890899    -0.616367    -0.550502    -0.615935     
         36    -3.326944     -0.75677    -0.780206    -0.558327    -0.541555    -0.557139     
         37    -4.044062    -1.216896    -1.305514    -0.916852    -0.854617     -0.91467     
         38    1.2717175    0.5848425      0.56119    0.3916983    0.4082072    0.3921078     
         39    2.9093501    1.0228319    0.9692247    0.6790851    0.7166449    0.6803084     
         40    4.0743069    1.2326201    1.1659232    0.8137198    0.8602689    0.8148747     
         41     3.400378    1.3236332    1.2291047    0.8549267    0.9206778    0.8561229     
         42    -2.465102    -0.847264    -0.894367      -0.6212    -0.588483    -0.620731     
         43    -7.078181    -1.957258    -2.192289    -1.549576    -1.383448    -1.541918     
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                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set              WORK.ASTHMA                                 
                               Distribution              Poisson                                 
                               Link Function                 Log                                 
                               Dependent Variable      Asthma_14                                 
                               Offset Variable               ln1    
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                               Observations Used              43                                 
                                                                                                 
Criteria For Assessing Goodness Of Fit 
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41         88.1088          2.1490                   
                  Scaled Deviance           41         42.0507          1.0256                   
                  Pearson Chi-Square        41         85.9072          2.0953                   
                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                      800.7606                                   
                                                                                                 
                                 
Analysis Of Parameter Estimates 
                                                                                                 
                               Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                
Intercept     1     -6.5251      0.1135     -6.7476     -6.3026    3304.10        <.0001    
SDI           1      0.0783      0.0076      0.0634      0.0933     105.83        <.0001    
Scale         0      1.4475      0.0000      1.4475      1.4475                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.          
                                                                                                 
                                     Observation Statistics                                      
                                                                                               
Observation       Resraw       Reschi       Resdev     StResdev     StReschi       Reslik     
                                                                                                 
          1    2.1681157    0.6587649    0.6384411    0.4488503    0.4631388    0.4493495     
          2    -0.407323    -0.090167    -0.090469    -0.064866    -0.064649     -0.06485     
          3    -5.605194    -1.578759    -1.724994     -1.20178      -1.0999    -1.200148     
          4    -5.673927    -1.824242    -2.069477    -1.439624    -1.269027    -1.437412     
          5    -3.273178    -1.425389    -1.633527    -1.135744    -0.991031    -1.134021     
          6    -3.864624    -0.867096    -0.897771    -0.642036    -0.620099    -0.640594     
          7    3.5525851    1.5221213    1.3900832    0.9726156    1.0650003    0.9750431     
          8    -4.971053    -1.574265    -1.743451    -1.216465    -1.098418    -1.214254     
          9    -6.279231    -1.301434    -1.367707    -0.959732    -0.913228    -0.958336     
         10    -12.94631    -2.763537    -3.138133    -2.203558    -1.940521    -2.195614     
         11    0.4308971    0.0950092    0.0946804    0.0671446    0.0673778    0.0671565     
         12    -5.031792    -1.514955    -1.659916    -1.155055    -1.054183    -1.153669     
         13    -1.235997    -0.826574    -0.928773    -0.644166    -0.573284     -0.64364     
         14    -0.123381    -0.351256    -0.496751     -0.34324    -0.242708    -0.343208     
         15    -6.817658    -1.983214    -2.243601    -1.572858    -1.390315    -1.567882     
         16    1.5139591    0.5944623    0.5733319    0.3985006    0.4131875    0.3986817     
         17    1.5401423    0.3249805    0.3213686     0.232189    0.2347986    0.2324139     
         18     8.284726    2.0263824    1.8863175    1.3488043    1.4489572    1.3557005     
         19    3.1737231    0.6245082    0.6123311    0.4323041    0.4409011    0.4326728     
         20    1.1261029    0.1578813    0.1573041    0.1141592     0.114578    0.1141985     
         21    -7.318023    -0.966603     -0.98835    -0.915095     -0.89496    -0.906225     
         22    5.2451213    2.4053918    2.0923756    1.4551745    1.6728664    1.4582734     
         23    9.1014375    1.6930581    1.6141537     1.148851    1.2050101    1.1521748     
         24    3.5647297    1.3073089     1.219454    0.8487809    0.9099308    0.8497224     
         25     16.21732    2.3219147    2.2083731    1.6048756    1.6873889    1.6130067     
         26    10.130967    2.8240864    2.5394689    1.7794729    1.9789119    1.7853647     
         27    -14.50044    -1.946404    -2.041992    -1.484631    -1.415134    -1.478024     
         28    -4.568623    -0.903507    -0.932641    -0.656817    -0.636299    -0.656054     
         29    10.900825    1.8399708    1.7552827    1.2411763    1.3010601    1.2439629     
         30    8.9693032    1.7579876    1.6692525    1.1774843    1.2400778    1.1801061     
         31    4.1791134      1.40711     1.313497    0.9133191    0.9784114    0.9141874     
         32    1.0350518     0.186006    0.1849839    0.1307315    0.1314538    0.1307637     
         33    -2.656701    -0.902956    -0.956301    -0.669791    -0.632428    -0.668805     
         34     -2.71012    -0.473857    -0.480637    -0.340056    -0.335259    -0.339834     
         35    -1.087495    -0.752687    -0.838487    -0.581218    -0.521744    -0.580838     
         36    -2.466543    -0.573979    -0.587525    -0.420773    -0.411072    -0.420106     
         37    -3.599388    -1.105575     -1.17914    -0.829301    -0.777562    -0.827537     
         38    1.5376248    0.7278926    0.6911511    0.4831609    0.5088457    0.4837775   
         39    3.2847809    1.1825847    1.1107865    0.7794281    0.8298082    0.7810225     
         40    4.3682722    1.3397006    1.2608251     0.881439    0.9365806    0.8827735     
         41    3.6190279    1.4326777    1.3218309    0.9210496    0.9982875    0.9224192     
         42    -2.310862    -0.801588    -0.843847     -0.58719    -0.557784    -0.586778     
         43    -6.495964    -1.837633    -2.046503    -1.448276    -1.300462    -1.441663 
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The GENMOD Procedure 
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set              WORK.ASTHMA                                 
                               Distribution              Poisson                                 
                               Link Function                 Log                                 
                               Dependent Variable      Asthma_14                                 
                               Offset Variable               ln1                                 
                               Observations Used              43                                 
                                                                                                 
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41         92.4871          2.2558                   
                  Scaled Deviance           41         42.2137          1.0296                   
                  Pearson Chi-Square        41         89.8280          2.1909                   
                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                      675.5512                                   
                                                                                                 
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                                   Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                
Intercept     1     -6.4803      0.1159     -6.7075     -6.2531    3124.83        <.0001     
SDI           1      0.0717      0.0079      0.0562      0.0871      82.72        <.0001     
Scale         0      1.4802      0.0000      1.4802      1.4802                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.          
                                                                                                 
                                     Observation Statistics                                      
                                                                                                
Observation       Resraw       Reschi       Resdev     StResdev     StReschi       Reslik     
                                                                                                 
          1    2.0427495    0.6171125    0.5992898    0.4121171    0.4243733    0.4125501     
          2     -0.74007    -0.162505    -0.163486    -0.114701    -0.114012    -0.114651     
          3    -4.984566    -1.439847    -1.562434    -1.064863    -0.981315    -1.063468     
          4    -5.130425    -1.697883     -1.91267    -1.301549    -1.155389     -1.29957     
          5    -3.267072    -1.423554    -1.631206    -1.109146    -0.967952    -1.107455     
          6    -4.148188    -0.924146    -0.958935    -0.670981    -0.646638    -0.669359     
          7    3.3894569    1.4309606    1.3143337    0.8996377    0.9794667    0.9017861     
          8    -4.866989    -1.549416    -1.713596    -1.169315    -1.057283    -1.167203 
          9    -5.147817     -1.09385    -1.140949    -0.783433    -0.751093    -0.782421     
         10    -12.35833    -2.674091    -3.026673    -2.078946    -1.836766    -2.071503     
         11    0.4273045    0.0942089    0.0938856    0.0651229    0.0653472    0.0651345     
         12    -4.530668    -1.396157     -1.52018    -1.034755    -0.950335    -1.033549     
         13    -1.272456    -0.844102    -0.950363    -0.644634    -0.572557    -0.644091     
         14    -0.124642    -0.353047    -0.499284    -0.337379    -0.238563    -0.337346     
         15    -6.811845     -1.98201    -2.242106    -1.537267    -1.358936    -1.532375     
         16    1.5987431    0.6318967    0.6080039    0.4132899     0.429531    0.4134917     
         17    1.0824462    0.2261113    0.2243654    0.1586665    0.1599011    0.1587747     
         18    -12.26063     -2.65904     -3.00797    -2.144699     -1.89591    -2.120616     
         19    10.013194    2.5865334    2.3577304    1.6471748    1.8070228    1.6580083     
         20    4.8511331    0.9871765    0.9566187    0.6609828     0.682097    0.6619255     
         21    4.7148972     0.685662     0.674716    0.4795662    0.4873462    0.4803226     
         22    0.4261048    0.0605187    0.0604324    0.0531422    0.0532181    0.0531733     
         23    5.2188607    2.3867669     2.078558    1.4137471    1.6233777    1.4167551     
         24    11.247247    2.1745128    2.0439209     1.423661    1.5146227    1.4292092     
         25    3.6374221    1.3405369    1.2481302    0.8496048    0.9125062    0.8505795     
         26    10.205712      2.85322    2.5626869    1.7562493    1.9553561    1.7621658     
         27    -10.72301    -1.490991    -1.547548    -1.102207    -1.061925    -1.098236     
         28    -3.067857     -0.62534    -0.639385    -0.440696    -0.431016     -0.44032     
         29    12.428146    2.1449575    2.0296347    1.4046879    1.4845015    1.4085484     
         30    9.5482194    1.8926195    1.7896721    1.2348765    1.3059103    1.2378926     
         31    4.4154404    1.5070061    1.3995383    0.9517718    1.0248565    0.9527649     
         32    1.9048085    0.3472184     0.343649    0.2376004    0.2400683    0.2377125     
         33    -2.751056    -0.929971    -0.986475    -0.675788     -0.63708    -0.674756     
         34    -0.872393     -0.15701    -0.157758     -0.10926    -0.108742    -0.109235     
         35    -1.113064    -0.765709    -0.854312    -0.579145     -0.51908    -0.578757 
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         36    -2.830305    -0.652236    -0.669692    -0.469355     -0.45712    -0.468499     
         37    -3.743527    -1.142109    -1.220471    -0.839635    -0.785725    -0.837774     
         38    1.3732538    0.6384296    0.6102129    0.4173359    0.4366338    0.4178133     
         39    3.1117972    1.1079553    1.0449873     0.717309     0.760532     0.718702     
         40    4.4229737    1.3599801    1.2786825    0.8742528     0.929837    0.8756058     
         41    3.5966055    1.4213063    1.3122218    0.8942362    0.9685737     0.895564     
         42    -2.169483     -0.75903    -0.797002    -0.542386    -0.516545    -0.542021     
         43    -6.742115    -1.888754    -2.108647     -1.45998    -1.307731    -1.453052     
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                                      The GENMOD Procedure                                       
                                                                                                 
                                       Model Information                                         
                                                                                                 
                               Data Set              WORK.ASTHMA                                 
                               Distribution              Poisson                                 
                               Link Function                 Log                                 
                               Dependent Variable      Asthma_14                                 
                               Offset Variable               ln1                                 
                               Observations Used              43       
 
                                                                                                         
                             Criteria For Assessing Goodness Of Fit                              
                                                                                                 
                  Criterion                 DF           Value        Value/DF                   
                                                                                                 
                  Deviance                  41         92.7786          2.2629                   
                  Scaled Deviance           41         42.8550          1.0452                   
                  Pearson Chi-Square        41         88.7626          2.1649                   
                  Scaled Pearson X2         41         41.0000          1.0000                   
                  Log Likelihood                      756.2126                                   
                                                                                                 
                                Analysis Of Parameter Estimates                                  
                                                                                                 
                                   Standard     Wald 95% Confidence       Chi-                  
Parameter    DF    Estimate       Error           Limits            Square    Pr > ChiSq     
                                                                                                 
Intercept     1     -6.5243      0.1167     -6.7530     -6.2955    3124.24        <.0001     
SDI           1      0.0759      0.0077      0.0609      0.0909      98.08        <.0001    
Scale         0      1.4714      0.0000      1.4714      1.4714                              
                                                                                                 
NOTE: The scale parameter was estimated by the square root of Pearson's Chi-Square/DOF.          
                                                                                                 
                                     Observation Statistics                                      
                                                                                                
Observation       Resraw       Reschi       Resdev     StResdev     StReschi       Reslik     
                                                                                                 
          1    2.2904417    0.6998959    0.6769396    0.4684213    0.4843064    0.4689917     
          2     -0.21145    -0.047034    -0.047116    -0.033268    -0.033209    -0.033263     
          3     -5.18243    -1.484795     -1.61483    -1.106531    -1.017427     -1.10514     
          4    -5.324343     -1.74364    -1.969267    -1.347289    -1.192925    -1.345371     
          5    -3.189444    -1.400086    -1.601553    -1.095651    -0.957824    -1.093963     
          6    -3.659523     -0.82535    -0.853174    -0.600816    -0.581221    -0.599492     
          7    3.5784021    1.5368288    1.4022153    0.9655031     1.058192        0.968     
          8    -4.779162    -1.528273    -1.688243    -1.159155    -1.049319     -1.15704     
          9    -5.503977    -1.160238    -1.213127    -0.837118    -0.800621    -0.836048     
         10    -12.39269    -2.679371    -3.033238    -2.095936    -1.851418    -2.088419     
         11    0.7476092    0.1661256    0.1651189    0.1152843    0.1159871    0.1153213     
         12    -4.677463     -1.43145    -1.561543    -1.068841    -0.979795    -1.067637     
         13    -1.214536    -0.816148    -0.915962    -0.625043    -0.556931    -0.624524     
         14    -0.121928    -0.349181    -0.493817    -0.335682    -0.237363    -0.335649     
         15    -6.632849     -1.94472    -2.195848    -1.515041    -1.341773    -1.510183     
         16    1.6450049    0.6525437     0.627054    0.4288419    0.4462743    0.4290629     
         17    1.7230328    0.3650611    0.3605005     0.256547    0.2597924     0.256834     
         18    -13.50501    -2.846789    -3.242341    -2.316565    -2.033954    -2.291179     
         19    9.1894828    2.3110962    2.1286281    1.4921578    1.6200671    1.5001411     
         20     4.192133    0.8416671    0.8194904    0.5683993    0.5837811    0.5690204     
         21    3.2397197    0.4639534    0.4589529    0.3264745    0.3300316    0.3267861     
         22    -3.503866    -0.479021    -0.484398    -0.423293    -0.418595    -0.421443     
         23    5.3091607    2.4513233    2.1262996    1.4550545    1.6774724    1.4583117     
         24    10.342699    1.9666586     1.859981    1.2993139    1.3738349     1.303405     
         25    3.7060354    1.3722326    1.2753768     0.873488    0.9398232    0.8745388 
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         26    18.301225    2.6781039    2.5267694    1.7992761    1.9070392     1.809134     
         27     -12.2467    -1.678312    -1.749735    -1.247027    -1.196124      -1.2425     
         28    -3.620545    -0.729668    -0.748745    -0.518257    -0.505052    -0.517789   
         29    12.003225    2.0586337    1.9524643    1.3577777    1.4316097    1.3611763     
         30    9.5824584    1.9006851    1.7968525    1.2474984    1.3195861    1.2505879     
         31    4.4016307     1.501086    1.3944659     0.953999    1.0269412    0.9549905     
         32    1.8309474    0.3333458    0.3300566    0.2295541    0.2318418    0.2296577     
         33    -2.556845    -0.874073    -0.924135    -0.637003    -0.602495    -0.636068     
         34    -1.528082    -0.272143    -0.274387    -0.190781    -0.189221    -0.190712     
         35    -1.064426    -0.740825    -0.824104    -0.562035     -0.50524    -0.561663     
         36    -2.311689    -0.540213    -0.552223    -0.389451    -0.380982    -0.388854     
         37    -3.487383    -1.076877    -1.146773     -0.79384    -0.745456    -0.792146     
         38    1.5478925    0.7335977    0.6962741    0.4789893    0.5046654    0.4796208     
         39    3.3419863    1.2076653    1.1327688    0.7822788    0.8340015    0.7839585     
         40    4.5524458    1.4084371     1.321203    0.9089724    0.9689884    0.9104672     
         41    3.7095872    1.4790608    1.3608797    0.9331035    1.0141358    0.9345818     
         42    -2.131001    -0.747329     -0.78416    -0.536904    -0.511686    -0.536542     
         43    -6.391177    -1.815618    -2.019815    -1.407104    -1.264851    -1.400573     
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